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(54) Title: SCREENING FOR IMMUNOSTIMULATORY DNA FUNCTIONAL MODIFYERS 
(57) Abstract 

Synthetic single-stranded 12 3 4 

oligodeoxynucleotides (ODN) 

containing unmethylated CpG . ■■ . - j, .. ..- . ■ - - 

dinucleotides in specific base ...^ ^ 

contexts or T-rich motifs, including 
poly T, (immunostimulatory 
ODNs) are immunostimulatory 
B lymphocytes and other 
lymphoid and nonlymphoid 
cells, while ODN without these 
CpG sequences or T-rich motifs 
(non-immunostimulatory ODNs) 
are not. Mechanisms by which cells 
discriminate between immunostim- 
ulatory and non-immunostimulatory 
ODNs are hitherto unknown. 
The invention is based upon the 
purification and identification of 
immunostimulatory DNA binding 
proteins. naturally occurring 
cellular proteins which bind 
specifically to immunostimulatory 
ODNs and mediate the observed 
immunostimulatory effects. These 
proteins are RNA binding proteins 
include nucleolin. hnRNP A I. 
hnRNP D. AUFl, and lupus La 
protein. The invention provides 
methods for the use of RNA binding 

proteins as immunostimulatory DNA binding proteins. Provided are methods useful for screening and identifying immunostimulatory 
DNA inhibitors, competitors, agonists, mimics, and cellular targets. Methods are also provided for using immunostimulatory DNA 
binding proteins to optimize immunostimulatory ODN for immune stimulation. Also provided arc an isolated immunostimulatory 
ODN-immunostimulatory DNA binding protein complex and a kit for identifying cellular targets of immunostimulatory DNA. 
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SCREENING FOR IMMUNOSTIMULATORY DNA FUNCTIONAL MODIFYERS 

Field Of The Invention 

The present inveniion relates to regulation of the immune response. The invention 
also relates to immune stimulation in response to immunostimuiatory DNA. In particular, the 
invention relates to complexes involving immunostimuiatory DNA binding proteins. 

Background Of The Invention 

In contrast to vertebrate DNA, bacterial DNA triggers a set of immunostimuiatory 
activities (reviewed in Krieg AM (1998) BioDrugs 10:341-346 and Lipford GB et al (1998) 
Trends Microbiol 6:496-500). It was previously shown that most of these effects can be 
attributed to the presence of unmethylated CpG dinucleoiides in particular sequence motifs. 
Krieg AM et al. (1995) Nature 374:546-549. In vertebrate DNA CpG dinucleotides are 
statistically under represented and usually methylated at position ^ of the cytosine. Bird AP 
(1987) Trends Genet 3:342-347. Oligodeoxyribonucleotides (ODNs) with particular CpG 
motifs mimic the immunostimuiatory effect of bacterial DNA. Krieg AM et al. (1995) 
Nature 374:546-549. Modulating the immune system with specific immunostimulator>- 
ODNs appears to offer exciting potential for the treatm.ent and prevention of cancer, 
infectious diseases and allergies (reviewed in Krieg AM (1998) BioDrugs 10:341-346). 

B lymphocytes respond quickly to the presence of immunostimuiatory ODNs and start 
proliferating and secreting interleukin (IL)-6 and immunoglobulin (I g). Klinman DM et al. 
(1996) Proc Natl Acad Sci USA 93:2879-2883; Yi A-K et al. 0996) J Immunol 156:558-564; 
Yi AK et al. (1996) J Immunol 157:5394-5402. The cytokines induced by 
immunostimuiatory DNA are most notable for the predominant secretion of the Thl-Uke 
cytokines IL-12, IL-1 8 and interferon (IFN)--/. Klinman DM et al. (1996) Proc Natl Acad Sci 
USA 93:2879-2883; Halpem MD et al. (1996) Cell Immunol 167:72-78; Yamamoto S et al. 
(1992) J Immunol 148:4072-4076; Rom.an M et al. (1997) Nat Med 3:849. The IL-12 is 
predominantly derived from monocytic cells such as macrophages and dendritic cells, which 
also produce other pro-inrlammator\' cytokines such as Type 1 interferons, IL-6, and tumor 
necrosis factor (TNF)-a. In addition, these cells are induced to upregulate their surface 
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expression of class 11 major histocompatibility complex (MHC) molecules and of 
costimuiator>' molecules. Thus, immunostimulator^- DNA creates a Thl-like cytokme 
enviromnem and enhances the function of antigen-presenting cells. Together with 
immunostimulator>.- DNA. the IL-12 activates natural killer (NK) cells to secrete IFN-y and to 
have enhanced iviic activity. Ballas ZK et al. (1996) J Immunol 157:1840-1845: Cowdery JS 
et al. (1996) J Immunol 156:4570-4575. The IFN-y secretion promotes the B cell response to 
imm:unostimuIator3' DNA, including both IL-6 secretion as well as IgM secretion. Of note, 
although immunostimulatory DNA can be an extremely powerftil mitogen that drives more 
than 95% of B cells mto the cell cycle, at lower concentrations, the DNA costimulates 
strongly with signals mediated through the B cell antigen receptor (BCR). Krieg AM et al. 
(1995) Nature 374:546-549. Thus, B cells that have bound specific antigen will be 
preferentially activated by immunostimulatory DNA. Like monocytic cells, B cells also 
upreguiate their expression of costimulator>' molecules and class II MHC upon activation 
with immunostimulatory DNA. Krieg AM et al. (1995) Nature 374:546-549; Davis HL et al. 
(1998) J /mwuno/ 160:870-876. 

The molecular mechanism underlying the response to CpG motifs is hitherto not well 
understood. One possible mechanism of action for immunostimulatory DNA could involve 
the binding to a cell surface receptor that then transduces a stimulatory signal. Indeed, 
evidence in support of this model has been published. Liang H et al. ( 1 996) J Clin Invest 
98; 1 11 9-1 129. However, our own experiments using a different experimental model system 
have led to the opposite conclusion. Krieg AM et al. (1995) Nature 374:546-549. To 
detenmne whether cellular uptake of immunostimulatory ODN is required for cell activation, 
Liang et al. cultured B cells in tissue culture wells in which immunostimulatory ODN had 
been bound to sepharose beads. Liang H et ai. (1 996) J Clin Invest 98: 1 11 9-1 1 29. 48 hour 
tritiated thymidine incorporation assays were then performed to determine whether the cells 
were stiil induced to proliferate, as they were in wells in which the ODN were bound. Since 
similar cell activation was still obser^'ed, those investigators concluded that cellular uptake of 
the DNA was not required, since they assumed that the DNA on the beads could not be taken 
up during the incubation. Others have performed studies using a similar methodology, but 
found that ODN on sepharose beads were still taken up. casting doubt on the earlier 
conclusion. Manzel L and Macfarlane DE (1999) Antisense Nucl Acid Drug Develop 9:459- 
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464. Moreover, ODN bound to particles or covaiently linked to a solid Teflon suppon were 
nonstimulaton.'-. Krieg AM et al. (1995) Naiwe 374:546-549; Manzel L and Maciarlane DE 
(1 999) Anriscnse Nhc! Acid Drug Develop 9:459-464. Furthermore, in extensive studies 
usmg both human and murine B cells and monocytes to detect possible cell surface 
membrane proteins with binding specificity for itnmunostimuiatory ODN, we performed flow 
cytometry measuring the surface binding, uptake, and egress of FITC ODN. These studies 
showed no difference between the ODN with or without an immunostimulatory motif, 
suggesting that specificity does not lie at the level of cell binding or uptake (Krieg et al., 
unpublished data), immunostimulatory ODN conjugated to either FITC or biotin retained full 
mitogenic properties, indicating no apparent steric hindrance. Thus, we have concluded from 
our studies that there is no CpG-speciflc cell membrane receptor and that cellular uptake of 
immunostimulatory ODN is required m order for cell activation. Our findings are in 
agreement with those of other investigatoirs (D. Hume, personal communication). 

The prior art does not recognize proteins specific for single-stranded (ss) CpG motifs, 
but ii has long been recognized that there are DNA binding proteins on the cell s-urface 
(Lemer FLA et al. (1971) Proc Natl Acad Sci USA 68:1212-1216; A^ggarwa! SK et al. (1975) 
Froc Nad Acad Sci USA 72:928-932; Beltinger C et al. (\995)JClir7 Invest 95:1814-23; Yao 
G-Q et al. (1996) Biochem Pharmacol 51:431-436; Emlen W et al. (1992) J Immunol 
148:3042-3048; Kefeneider SH et al. (1992) Clin Immunol Immunopatk 63:245-251) and that 
DNA is internalized by cells spontaneously into an endosomal compartment where the DNA 
is acidified and degraded (Tonkinson JL and Stein CA (1994) Nucleic Acids Res 22:4268- 
4275; Krieg AM, Uptake and localization of phosphodiester and chimeric 
oligodeoxynucleotides in normal and leukemic primary cells. In: Delivery Strategies for 
Amisense Oligonucleotide Therapeutics. Editor, S. Akhtar. CRC Press, Inc., 1995, pp 177; 
Benneu RM et al. (1985) JCZ/n Invest 76:2182-2190). Nearly all cell t>'pes appear to be 
capable of internalizing DNA. .Among cells of the immune system, uptake is inducible and 
generally appears to be highest among monocyte-derived cells, cancer cells, and B cells. 
Krieg AM, et al. {\99\) Antisense Res Dev \:\6\-\l\; Zhao Q et al. (1996) 88: 1 7SS- 

1795. Since ODN are taken up by cells into endosomes and subsequently some fraction of 
the intracellular ODN enters the nucleus, the stimulator,' effects may be mediated through an 
interaction with intracellular proteins or other molecules in the endosomes or in the nucleus. 
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Yi A-K et al. {\99Z) J Immunol 160:4755; Yi A-K and Krieg AM {1992,) J Immunol 
161:4493-4497; Stacey KJ et al. (] 996) J Immunol 157:2116-2122; Sparwasser T et al. 

(1997) Eur J Immunol 27:1671-1679. The earliest activation events such as the reactive 
oxygen burst, NF-kB activation, and MAPK activation (which occur within a fev/ minutes of 
exposure to immunostimulator>' DNA) all appear to be mediated tbj-ough a specific 
chloroquine-sensitive pathway as these are completely blocked by low concentrations of 
chloroquine and related compounds, but B cell or monocyte activation by other activators 
such as endotoxin or CD40 are not inhibited. Yi A-K et al. (1998) J Immunol 160:4755- 
4761; Macfarlane DE and Manzel L (199S) J Immunol 160: 11 22-1 131; Hacker K et al. 

(1998) £M50 J 17:6230-6240. 

Recent discoveries have also revealed that cenain other ODNs, independent of the 
previously described motifs, also have immuno stimulatory effects. These 
inimunostimulator>' ODNs contain at least one T-rich or poly T motif Immunostimulatory 
T-rich nucleic acids and poly T ODN were disclosed in co-pending U.S. provisional patent 
application 60/156,1 13, filed 25 September 1999, the entire contents of which is hereby 
incorporated by reference. 

Since cell uptake is apparently required for immune activation, and since both CpG- 
and non-immunostimulatory ODNs are internalized and enclosed in endosomes, the 
sequence-specific discriminating step that leads to cell activation by immunostimulatory 
DNA must take place inside the cell after endocytosis. There exists a need to identify' 
protems within the cell which specifically bind to ss immunostimulator,' ODNs, panicularly 
ss CpG ODNs, and mediate or transduce their immunostimulatory effects. 

Summary of the Invention 

The invention provides screening methods for identifying compounds which bind to 
immunostimulatory DNA binding proteins and act as inhibitors, mimics, agonists, 
antagonists, and cellular targets of immunostimulatory DNA. The invention further provides 
methods for identifying cellular targets of immunostim.ulatory DNA binding proteins. The 
invention also provides for optimizing an immunostimulatory ODN for immune stirnulation. 
The invention further provides for an isolated immunostimulatory ODN-immunostimulatory 
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DNA binding protein complex and a kk using such a complex to screen for cellular targets of 

an immunostimulatop.- ODN. 

According to one aspect of the invention, the invention provides a screening method 

for iaentin-mg compounds which bind to im.munostimulator>- DNA binding protein and 

belong to a group of immunostimulatory DNA functional modifiers. The method involves 
contacting an immunostimulatory DNA binding protem with a sample contaimng at least one 
candidate immunostimulatory- DNA binding protein ligand, determining if the at least one 
candidate immunostimulatory DNA binding protem ligand binds to the immunostimulatory 
DNA binding protein, and determining if the at least one candidate immunostimulatory DNA 
binding protein ligand that binds the immunostimulatory DNA binding protein belongs to a 
group of immunostimuIator>- DNA functional modifiers consisting of: immunostimulatorj- 
DNA binding inhibitors, immunostimulator>.- DNA agonists, and immunostimulatory DNA 
mimics. 

In certain embodiments of this first aspect of the invention, the immunostimulatory- 
DNA binding protein binds specifically to CpG ODN, i.e., it is a CpG ODN binding protein. 
In certain other embodiments of this first aspect of the invention, the immunostimulatory 
DNA binding protein binds specifically to T-rich ODN, i.e., it is a T-rich ODN binding 
protein. In certain other embodiments of this first aspect of the invention, the 
im^unostim.ulator>' DNA binding protein binds specifically to poly T ODN, i.e., it is a poly T 
ODN binding protein. 

According to a second aspect of the invention, the invention provides a screening 
method for identifS'ing an immunostimulatory DNA binding competitor. This screening 
m.ethod involves contacting an immunostimulatory DNA binding protein with a sample 
containing at least one candidate immunostimulatorv- DNA competitor compound and an 
imununostimulatory ODN, and determining a rlrst amount of reference immunostimulatory 
ODN bound to the immunostimulatorv- DNA binding protein in the presence of the sample 
relative to a second amount of reference immunostimulatory ODN bound to the 
immunostimulatory binding protein in the absence of an immunostimulatory DNA competitor 
compound, v/herein the sample includes at least one immunostimulator>'- DNA competitor 
compound when the first amount is less than the second am.ount. In certain embodiments the 
method further comprises contacting the im.munostimulator\- DNA competitor compound 
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with an immune cell in the presence of an immunostimulacory ODN to determine if the 
immunostimulator>' DNA competitor compound is an immunostimulator^' DNA inhibitor. 

According to a third aspect of the invention, the invention provides for optimizing an 
immunostimulatory ODN for immune stimulation. This aspect involves providing an 
immunostimuiator>' DNA binding protein, a reference immunostimulatory DNA that binds to 
the immunostimuiaiory DNA binding protein, and at least one candidate optimized 
immunostimulatory DNA that differs from the reference immunostimulatory DNA by at least 
one nucleotide or at least one intemucleotide linkage, contacting the immunostimulatory 
DNA binding protein with a sample containing at least one candidate optimized 
immunostimulatory DNA and the reference immunostimulatory ODN, determining which, if 
any, candidate optimized immunostimulatory DNA binds the immunostimulatory DNA 
binding protein to a greater extent than the reference immunostimulatory DNA, redesignating 
a candidate optimized inrmtunostimulatory DNA which binds the immunostim.ulatory DNA 
binding protein to a greater extent than the reference immunostimulatory DNA as the 
reference immunostimulatory DNA, and repeating the steps of providing, contacting, 
determining, and redesignating until no candidate optimized immunostimulatory DNA binds 
the immunostimulatory DNA binding protein better than the reference immunostimuiaton.' 
DNA against which it is compared. 

In certain embodiments of this third aspect of the invention, the initial reference 
immunostimulatory DNA is a CpG ODN. In cenain other embodiments of tiiis aspect of the 
invention, the initial reference immimostimuiatory DNA is a T-rich ODN. In certain other 
embodiments of this aspect of the invention, the initial reference :mmunostimuiator>' DNA is 
a poly T ODN. 

According to a fourth aspect of the invention, the invention provides a method for 
identify-ing cellular targets of an immunostimulatory ODN. The method involves screening a 
panel of candidate target molecules with a complex formed between an immunostimulators- 
ODN and an immunostimulatory DNA binding protein, selecting the candidate target 
molecules that bind to the complex, and determining the sequence of the bound candidate 
target molecules to identify the cellular targets of the immunostimuIator>' ODN. In cenain 
embodiments the candidate target molecule is labeled with a marker selected from the group 
consisting of: digoxigenin, biotin, an isotope, a fluorophore, and an enz\'me- 



PCT/USOO/11697 



The invention m another aspect provides an isolated immunostimuiatorv ODN- 
.n.n.unostin.ulator>^- DNA binding protein complex. In cenam embodiments of this aspect of 
the mvemion, the immunostimuiatory DNA binding protein is an RNA binding protein In 
certain preferred embodiments of this aspect of the invention, the immunostimuiatorv DNA 
bmding protein is an R.NA binding protein having at least one motif selected from the eroup 
consisting of: RBD, RGG domain, KH motif, and ARM (discussed below). In certam ^ 
preferred embodiments of this aspect of the invention, the immunostimuiatory DNA binding 
protein is selected from the group consisting of: hnRNPs, nucleolin, and lupus La protein. In 
a most preferred embodiment of th:s aspect of the invention, the immunostimuiatory DNA 
binding protein is selected from the group consisting of: hnRNP D, AUFl, hnRNP Al, 
nucleolin, and lupus La protein. 

In yet another aspect of the invention, the invention provides a kit for identifying 
cellular targets of an immunostimuiatory ODN. This kit includes an immunostimulatoty 
ODN in a container, an immunostimuiatory DNA binding protem in a container, and 
instractions for preparing an immunostimuiatory ODN-immunostimulatory DNA binding 
protem complex and for using the complex to screen a panel of candidate target molecules to 
identify cellular targets of an immunostimuiatory ODN. 

In certain embodiments the immunostimuiatory DNA binding protein is selected from 
the group consisting of: nucleolin, lupus La protein, hnRNP D, AUFl, hnRNP Al, hnRiNP U, 
and isoforms, fragments, variants, and equivalents thereof The invention contemplates 
complexes of binding proteins, particularly those containing at least one of nucleolin. lupus 
La protem, hnRNP D, AUFl, hnRNP Al, hnRNP U, and isoforms, fragments, variants, and 
equivalents thereof The immunostimuiatory DNA binding protein in certain embodiments is 
attached to a substrate selected from the group consisting of: a plastic multiwell plate, a bead, 
a resin, a filter, a glass slide, a plastic slide, a BIAcore chip, and a silicon chip. In certain 
embodiments the immunostimuiatory DNA binding protein is labeled with a marker selected 
from the group consisting of: digoxigenin, biotin, an isotope, a fluorophore, and an enzyme. 

In certain embodiments the immunostimuiatory ODN is a CpG ODN. In certain 
embodim.ents the CpG ODN is selected from the group consisting of: SEQ ID NO: 1 (#2059), 
SEQ ID NO:2 (#2080), SEQ ID N0:3 (#1619). SEQ ID NO: 11 (#5007), and SEQ ID NO: 1 2' 
(#5004). In cenain other embodiments the immunostimuiatory ODN is a phosphorothioate 
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ODN. In certain embodiments the phosphorothiate ODN is selected from the group 
consisting of: SEQ IDNO:1 1 (#5007), SEQ ID NO;16 (#5018), SEQ IDNO:I7 (#5027), and 
SEQ ID NO: 18 (#5030). In yet other embodiments the immunostimulatory ODN is a T-rich 
ODN. In yet other embodiments the immunostimulatory ODN is a poly T ODN. In a 
particular embodiment the poly T ODN is SEQ ID N0:9 (#5017). In certain embodiments 
the immunostimulatory ODN is labeled with a marker selected from the group consisting of: 
digoxigenin, biotin, an isotope, a fluorophore, ajad an enz>'me. 

In certain embodiments the sample and the immunostimulator>' ODN are contacted 
with the immunostimulatory DNA binding protein simultaneously, and in other embodiments 
the sample and the iminunostimuIator>' ODN are contacted with the immunostimulatory DNA 
binding protein sequentially. 

In certam embodiments the amount of bound immunostimulatory ODN is detected 
using a method selected from the group consisting of: EMSA, ELISA, surface plasmon 
resonance (BIA), fluorimetry, bioluminescence, refractometry, autoradiography, 
autoradiometry, polymerase chain reaction (PGR), and scintillation detection. 

In certain embodim.ents the screening method includes an assay of the immune cell for 
the induction of cytokines, the production of antibodies, the isotype of secreted antibody, the 
expression of a cell surface molecule, the activation of cellular kinases or proliferation, or the 
change in redox potential. 

In certain em.bodiments the at least one candidate compound is an isolated m.oiecule 
selected from the group consisting of: polynucleotides, peptide nucleic acids, polypeptides, 
carbohydrates, lipids, hormones, small organic miclecules, small inorganic molecules, 
variants of a reference immunostimulatory ODN incorporating at least one substitution of a 
phosphorothioate-t>'pe bond for a phosphodiester bond, variants of a reference 
immunostimulaton,' ODN incorporating at least one substimtion of a phosphodiester bond for 
a phosphorothioate-type bond, variants of a reference immunostimulator>' ODN incorporating 
at least one substitution of one phosphorothioate-type bond for a different phosphorothioate- 
type bond, and variants of a reference inununostimulatory ODN incorporating at least one 
substimtion of one nucleotide with a different nucleotide. In certain embodiments the 
candidate compound is part of a combinatorial library of comipounds. 
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In certain embodiments the immunostimuJatorv- DNA bindin. 

compound is an in,.™o.™u,a,o, DNA func.ion. ..^e. M cj ZoT T"" 

^ perzc^e. ,„ the presence of an ■n,n,unost,n,ula.o„ ODN to determ.ne if the 

.™.u.osti..a.o. DMA .ndtn, p.o.eitt .i.and ts an .n^unosti.uiatot.- O.A inh.hit. 

. '"""^"^bodiments the in^unostimulatory ODN is tethered to the 
.mntunosttntulatory DNA bind.ng protetn or is otherwise assoctated with the 
immunostimulatory DNA binding protein. 

These and other objects of the tnventton wil, be described in l^nher detail ,n 
connection with the detailed description of the tnven.ion. 

Brief Description fifth. n,.„Tinp- 
FIG. , deptcts the results of contpettt.ve electrophoretic .obihty shift a.say (EMSA) 
oZ:ZZ'" T Oane ,) ar,d unlabeled 

ODNs..059(lanes2-4)or.2060 (ianes 5-7) as contpetttor. The observed co.plexesCO- 

Cd are mdicated. ^ . 

FIG. 2 depicts crosshnk assays fron, c^oso,ic extracts of NK cells. Ran,os ce.is. and 
H.La cells w,tn vartous digoxigenin-labeled ODN. .MW standard n^aricers are shown on the 

^,rn4 T ' ^""'^ ""''"^ ^'^^ ^^ -'"^ CpG ODN 

-0004 of .racttons elu.ed fronr hepartn affinity column. MW standard ntarkers are shown on 
.he nghl ,n panel B. Binding proteins BPl - BPS are as indicated. 

^-00. ' ^""'^ """"'^ ^^"^ ^P™' ^> labeled CpG ODN 

. 004 Of tractions elu.ed fro. L^O-Q anion e.xchange colunm. MW standard nrar.ers are 

shovvTi on tne right in panel B. 

r r r^' ' ^^"^ ''""^ ''''' '^^^'^^ 

CpG O.N .5004 Of A. anion exchange fract.ons ftrther purified on CpG ODN-coated 

sepharose coh.nn.n. M W standard ntarkers are sho™ on the ngh. in the crosslink panel The 

presence of BP2 (lupus La protein) in the 500 nrM KCl eiua.e ,s indicated ,n the EMSA 



panei, 
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FIG. 6 depicts EMSA (upper panel) and crosslink assay (lower panel) with labeled 
CpG ODN #5004 of anion exchange fraction A3 further purified on CpG ODN-coated 
sepharose column. MW standard marker is shown on the left in the crosslink panel. 

FIG. 7 depicts silver stain assays of protein fractions acquired during purification in 
Example 2. MW standard markers are shown on the right. 

FIG. 8 depicts EMSA (panel A) and crosslink assay (panel B) of the cation exchange 
run performed on the H3 heparin column fractions. Binding proteins BPl and EPS are as 
indicated. MW standard markers are shown on the right. 

FIG. 9 depicts EMSA (panel A) and crosslink assay (panel B) with labeled CpG ODN 
^^5004 of cation exchange fraction CI further purified on CpG ODN-coated sepharose 
column. Binding proteins BPS and BP4 are as indicated in the crosslink panel. MW standard 
m.arkers are shovm on the right in the crosslink panel. 

FIG. 10 depicts silver stain assays of protein fractions acquired during ptirification in 
Example 2. MW standard markers are shown on the right. 

FIG. 11 depicts cold competition EMSA with isolated BPl, BP2, BPS, and BP4. 

FIG. 12 depicts cold competition EMSA with isolated BPS. 

FIG. 13 depicts crosslink assay with isolated BP6. 

FIG. 14 depicts western blot assays of cytosoi of different human cell lines (left 
panel) and of fractions HI - H4 of the heparin column and the purified BPl (right panel). 
Lanes in the left panel are: N, NK cells; J, Jurkat cells; H, HeLa cells; abd R, Ramos cells. 
Monoclonal anti-nucleolin antibody (Santa Cruz Biotechnology sc-S031) was used for 
detection. MW standard markers are shown on the right of each panel. 

FIG. 15 depicts a kit (1 1) for identifying cellular targets of an imniunostimulatory 
ODN, comprising an immunostimulatory DNA binding protein (17), an imj-nunostimulator>' 
ODN in a container (19), instructions (21), and a box-like packaging (15).. 

Brief Descrintion of the Sequences 

SEQ ID NO: I is the nucleotide sequence of the CpG phosphodiester ODN #2059. 
SEQ ID N0:2 is the nucleotide sequence of the CpG phosphodiester ODN #20S0. 
SEQ ID N0:3 is the nucleotide sequence of the CpG phosphodiester ODN #1619. 
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SEQ ID NO:5 is ,he nucleo.ide sequence of the non C„r u u 
Which is a poi,. C ODN and SMabeied w..h di.oxi.el '""'''"'^"'^^ * ^009 

SEQ ID NO: n is the nucieotide sequence of the nho k u 
correspondingtoSEQlDNO-I w.thad" ^pG ODN .5007. 

^ ^ '""''^ ^ digoxigenin label at the 5' T 

SEQ ID NO:I2 is the nucleotide sequence of the nho H 
corresponding to SEQ ID NO-I w^thad" • ^pG ODN .5004, 

V iNU. I with a digoxigenin label at the 5' T 

SEO m Km , , ■ digoxigemn label at the 5' T 

SEO 'D ■ . d'goxigenm label a, the 5' T. 

ityiDNOrlMs the nucleotide sequence of the Tn- ^ 
wKh a d^goxigenin label a, Ute 5' T. Phosphod.ester ODN .5008 

co.espo"::r:;^,::;r=""^^^"™"°^^ 

•^-030 c'^'^ T^' ' " Phosphorothioate poly C ODN 

^'OjO. corresponding to SEQ ID NO:8. PO'y L ODN 

50.7 o?^'^"^?''''"''™''""'"^^"^""°^'''^P''°— -enon-CpGODN ' 

:>^^7, corresponding to SEQ ID NO: 14. ^ 

SEQ ID N.O:20 is the nucleotide sequence of polv r ODN *502, . 
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SEQ IDN0:21 is the nucleotide sequence of poly C ODN #5031. 
SEQ ID NO:22 is the nucleotide sequence of CpG ODN #2060. 



Detailed Description of the Invention 
The invention is based on the discovery that certain naturally occurring intracellular 
proteins bind specifically to immunostimulatory immunostimulatory ODNs. . The complexes 
formed between these immunostimulatory DNA binding proteins and immunostimulatory 
DNA are the first described direct connection between immunostimulatory DNA takeri up by 
cells and any intracellular protein. Methods are disclosed for using these binding proteins to 
characterize and study the compounds they bind. The methods include screening and 
optimizing immunostimulatory ODNs that are bound by immunostimulatory DNA binding 
proteins. Disclosed methods are also useful for screening candidate compounds that can 
either interfere with immunostimulatory DNA binding and immunostimulation by 
immunostimulatory DNA, or that can bind in place of immunostimulatory DNA and mimic 
ihe immunostimulation by immunostimulatory DNA. Also disclosed are complexes formed 
between immunostimulatory ODN and immunostimulatory DNA binding protein, methods 
for their use, and kits, all useful for identifying intracellular target molecules of 
immunostimulatory DNA. 

A. Immtmostimulatory DNA Binding Proteins. An '"immunostimulatory DNA 
binding protein" as used herein is a protein found in nature that binds immunostimulator>^ 
DNA specifically. Immunostimulatory DNA binding proteins can but need not necessarily 
bind to immunostimulator)' DNA in a sequence-specific manner. 

"Immunostimulatory DNA" as used herein is a synthetic or naturally occurring 
polynucleotide or oligonucleotide characterized by its ability to activate certain immune cells, 
including B cells, dendritic cells, monocytes, natural killer (NK) cells, and T cells. 
Immunostimulatory DNA specifically includes but is not restricted to CpG 
oligodeoxynucleotide, i.e., CpG ODN, characterized by the inclusion of at least one 5'- 
c\T:osine-guanine-3' (5'-CG-3' ) dinucleotide in which the cytosine is not methylated at the 5 
position. The 5'-CG-3' dinucleotide in CpG ODN can but need not be part of a palindrom.e, 
i.e.. a self-complementar>' sequence fcllowing Watson-Crick base pairing convention. CpG 
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DNA can be isolated, e.g.. denved from invencbr.es, preferably as DKA derived iron, 
=,ac:ena and o.hcr human pathogens. AI.ema.ively, CpG DNA can be a svn.he.ic 
.mn^unos^uiarory ODN .hanncorporares a S'-CG-S' d.nuCeotide and Ua. leas, six bases 
long, and preferably eight or more bases long. CpG ODNs can rnclude at least one 
phosphorothioate-type linkage. 

"Immunosttmulaton. DNA" as used herein also encompasses certain svnthetic or 
naturally occurring polynucleotides or oligonucleotides which, despite the.r lack.nt: the 
unmethylated CpG motif descnbed above, are nonetheless characterized bv their abihty to 
acttvate certatn immune cells, tncludtng B cells, natural k.Iler (NK) cells, and dendritic cells 
Included tn this category of .mmunostimulatoty DNA are T-rich nucle.c actds. poly T ODN 
poly G ODN, and methylated CpG ODN. A T-rich nucleic acid.s a nucleic acid which 
mcludes at least one poly T sequence and/or which has a nucleotide composit.on of .rea.er 
than 2. percent T nucleotide residues. Poly T ODN tnclude at least four consecutive thymtne 
(T) nucleotides. Poly G ODN include a. leas, four consecutive guanine (G) nucleotides As 
used herein, CpG ODN and T-rich, poly T, and poly G ODN are not necessarilv mumally 
exclusive. For example, a given ODN comaitung a. leas, one CpG d.nucleo.ide and havin. at 
least 25 percent T nucleottde content can be considered both a CpG ODN and a T-rich ODN. 

An "immunostimulatory^ DNA binding protein complex" as used herein is a complex 
of at leas, two polypeptides which binds immunostimulatory DNA specficallv and is formed 
by at least one immunostimulatory DNA binding protem and at leas, one of the followina: 
another molecule of the same immunostimulatoty DNA bindtng pro.ein. a different 
.mmunos.imula.ory DNA binding protein, or another ssDNA bind.ng protetn wh.ch is not an 
tmmanostimulatory DNA binding pro.ein. In certain preferred embodiments, an 
.mmunostimulatoo- DNA bindrng protein complex includes at least one tmmunos.tmula.ory 
DNA binding protein and nucleolin. 

In its broadest sense, an immunostimulatory DNA bmdmg protein is an RNA bmdins 
protein. Many kno^^T. RiNA binding proteins are also ssDNA binding proteins. Preferred 
RN^A bmdmg protems are characterized by havmg at least one structural motif selected from 
an RN^A-binding domam (RBD). an arginine-glycne-glycme (RGG) domain, a K-homology ' 
(KH) motif and an argmine-rich motif (ARM). The RBD is also known in the literature as' 
the nbonucleoprotem (R.NP) motif RN^A recognition motif (RRM), RNP consensus sequence 
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(RNP-CS), and consensus sequence RNA-binding domain (CS-RBD). These RBD and other 
motifs have been previously described in detail; for a review see Burd CG and Dreyfuss G 
(1994) Science 265:615-6621. As is evident from a list of RNA binding proteins provided in 
Table 1, certain motifs are present in multiple copies and/or in combination with one another 
in various RNA binding proteins. The ssDNA binding protein recombination protein A 
(RPA) is specifically excluded as an RNA binding protein for the purposes of this invention. 



Table 1. RNA Binding Proteins 



Name 


Motifs 


Function 


Preference 


Reference 


AUFl 


2x RBD 
3x RGG 


early response gene 
mRNA reg'jiaiion 




Bhanachar\'a ei a!. 
(\999) Nucleic Acids 
Res 27:1464-1472 


bctaARB 


hnRNP family 


destabilization of 
mRNA 


A/C - U rich RNA 


Blaxell et al. (2000) J 
Bio/ Chem 27 5:4290- 
4297 


CBF-A 




transcription 


RNA 

ssDNA 

CArG-box 


Kamada et at. (1992) 
Gene 1 19:229-236 


CUG-3P 


3x RBD 


splicing 

mRJNA translation 
myotonic dystrophy 






EWS 


RGG 


Ewing sarcoma 
translocation 






FMRi 


2x KH 
Ix RGG 






Siomi et al. (1993) Cell 
74:291-2SS 


hnR>iP AO 


2x RBD 
Ix RGG 


splicing 






hnR>iP Al 


2x RBD 
IxRGG • 


splicing 

mRNA transport 
telomere binding 


ssRjNA 




hnRNP A2/B1 


2x RBD 
Ix RGG 


splicing 

mRNA trafficking 






hr.RNP CI/C2 


Ix RBD 


transcript packaging 
splicing 

mRNA biogenesis 
nuclear retention 
mRNA stability 






hnRNP D 


2x RBD 
3x RGG 


transcription 
recombination 
mRNA Uimover 


RNA; UUAG 




hnRNP El 


3x KH 


translation a 1 
silencing 






hnRNP E2 


3x :<H 


mRNA s:;ioility 






hnRjNP F 


3x RBD 
GY-rich region 


splicing 


RNA. 

oiigo(dG), poly(rG) 
nuclear cap-binding 
com.plex 
R_NA pol il 


Yoshida et al. (1999) 
Genes Cells 4:707-7 \9 
■Matunis et al. (1994) 
Nucleic Acids Res 
22:!059-!067 
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1 Name 
t hnRNP G 

i 

hnRNP H/H' 


Motifs 
Ix RBD 
Ix RGG 


Function 


1 Preference 


Keference 


hnRNP J 


3x RBD 


splicing 

poiyadenylation 


poiy(rG) 


Matunis et al. (1994) 
Nucleic Acids Res 
22:1059-1067 




4x RBD 


spiicmg 






hnRNP K 


5x KH 
Ix RGG 


j rranscription 

silencing mRNA 
exDort 




— 


hnRNP L 
hnRNP ,M 


4x RBD 


mRNA stability , 
mRNA transport 






hnRNP P2 


jx RBD 


spJicmg 

heat-shock response 






(TLS; FUS) 


Ix RBD 
Ix RGG 


transcriptional 
activation domain in 

oncoprotein; 
proliferative 
response of 
lymphocytes 


RNA 
DNA 


Hicks et al. (2000). /V<3/ 
Genet 24:175-179 


hnRNP R 


3x RBD 
Ix RGG 








hnRNP U 


Ix RGG 


mRNA biogenesis, 
nuclear retention 


mRNA 
ssDNA 


Kiledjian etal. (1992) 
EMBO J 11:2655-2664 


hRP-A 




recombination 


ssDNA 


Baumann et ai. (1997) 
£/V/5Cy 16:5198-5206 


HuR 




mRNA stability 
mRNA transDort 






protein; SSB 




transcription 


RNA 
3' ends 

histone mRNA 
RNA pol III 
calmodulin 


Casn-o etal. (1996) Cell 
Calcium 20:493-500 
Goodier et ai. (I99S) J 
BioiChem 273:261 10- 
26116 


Nova-2 


KLH j 


regulation neuron 
specific splicing 


ss 

5'-UCAPy-3' 


Lewis et ai. (2000) Celt 
100:323-332 


nucieolin 


4x RBD 
Ix RGG 


transcription 


RNA 
dsDNA 
histone H 1 




PABP 


4x RBD 




poly A 


Deo et al. (1999) Cell 
98:835-845 


PC4 

t 




Tanscription positive 
'•epiication 


ssDNA 


Pan et al. ( 1 996) J Biol 
Chem 271:22! 1 1-221 16 


RAD5 1 




ecombination 




Baumann et ai;(1997) 


RAD52 




ecombination 


>sDNA 

1 


sugiyama et al. (1998) 
^roc Natl Acad Sci USA 
)5:6049-6054 


R.'\Gi 






r 


panopbulou et al. 
1995) Immunitv 3:7! 5- 
26 
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Name \ Moiifs 




Prci'ercnce 


Reference | 


RaG2 








Spanopoulou et al. 
(1995) Immunin^' 3:7 15- 
726 


RBP56/hTAFii 
68 


1 X RBD 
Ix RGG 


homology to hnRNP 
P2 


RNA 
ssDNA, 
TFllD 
RNA pol II 


Morohoshi et al. (1998) 
G£:/7t' 22 1: 191-198 
Benolotti et a!. (1996) 
EMBOJ 15:5022-5031 


rho 




termination factor 




, : 


SAF-B 


1\ RBD 


scaffold attachment 
factor, transcription, 
heat-shock response 






ssDBF 


hnRNP A/B 
family 


represses estrogen- 
induced transcription 


ssDNA in ERE 


Smidt et -i. (1995) 
Nucleic Acids Res 
23:2389-2395 


trp 




RNA-bmding 
attenuation orotein 







Among the immunostimulaiory DNA binding proteins identified in the invention axe 
some that belong to a class of eukaryotic nuclear proteins called heterogeneous nuclear 
ribonucleoproteins (hnRNPs), a functionally diverse set of highly conser\'ed RNA- and 
ssDNA binding proteins. At least some of these are kr.own to be found in the cytoplasm as 
well as in the nucleus. Structurally, hiiRNPs are characterized by one or more RBDs, KH 
moiifs, andyor RGGs. Dreyfuss G et al. (1993) Annu Rev Biochem 62:289-321; 3urd CG and 
Drey fuss G (1994) Science 265:615-621; Dempsey LA et al. (1999) J 5/o/ Chem 274:1066- 
1 071 . Many of the hnRNPs each exist in multiple isoforms which represent transcriptional 
splice variants. Previously these proteins Vv'ere known to be involved in various aspects of 
post-transcripiional regulation of gene expression, pre-mRNA processing, and intracellular 
RNA transport and localization. At least some hnRNPs are targets for auioimmune response, 
especially in lupus erythematosus. Burd CG and Dreyfuss G (1994) Science 265:615-621. 
Panicular hnRNPs identified in the invention as immunostimulatory DNA binding protems 
include hnRNP D, AUFl, and hnRNP Al . 

One of the ImRNP proteins identified as an immunostimulaton,' DNA binding protem 
is hnRNP D, also known as hnRNP DO (GenBank accession no. 870749, 2815614, 870745). 
Each of three know-n isoforms -of hnRNP D, derived from mRNAs that reflect alternative 
sphcing of two coding exons, possesses two RBDs and three RGG motifs. Kajita Y et al. 
(1 995) J Biol Chem 270:22167-22175. The largest isoform incorporates both exons and 
encodes a 355 amino acid polypeptide with a predicted molecular mass of 3S.4 :d)a; a second 



lar mass of 
the 
AUFl. 
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isoform includes only the larger of the two exons a.d encodes a 336 n^" 

with a predicted molecular mass of 36 ^kD. W ^. 7°'" ' ^'^^ P-^-™e 

..„:-^ 

ofhTL^PO AT^IT, 'he Other three jsoforms 

f ™ D. ALFl possesses ..-o RBDs and three RGG n^otifs. The hnJ^s^P D proteins 

hu.eBt.eet,the„uc,e.s.d.hee..op,as..an.ca„,e.so,ate..o.e,tHer.^^^^^^^ 

nuc,e.eac,dortodist.ctn.cle,ca.ds. Isolated h.R^tp o h,,h,,,„ 
excepttonaily sequence-specific bind.ng to non-CpG nucleic acids (TTAGGG) and 
(OOAGGG). hindtng ts abolished by the substitution of each of the firs, four bases of repeat 
■™ts.Ka.taVe.a,.(,995)..,..C.....O......,,, Th.s spec.fic.ty anses fro! 

secuence wtth,n the RBDs that is relatively unique to hnRNP D. Kajita Y e, al (1995) y„w 

as been reported to b.„d,„v,..,o3.spHces.tes, and .he 306 a.^^^ 
a he.erod.n,e„c complex with nucleohn called LRl. parr.c.pa.es in bindin. to non-CpG- ' 
spccnc sequence duplex DNA. Den,psey LA et al. (,998, JB^o, Chen. 2iy.,..,..,.., 
Funher:nore, the LRl complex ts a B-cel, spec.fic .ranscr.pt.onal activator a.d ::ay LsI ' 
funcuon ,n tnun.a„oglobu,in heavy chatn Cass switch recon,b,„a..on. De.psey LA e. al. 
99S)./^„,CW 273:29224-29229; Will.ams M and Maizels N (199,) 503,-3. 



• A second rmmunostimulaton. DNA binding pro.e.n tdentified m the tnvention is 
nrJ^N-P A! (Sw,ssProt accession no. P09651). L.ke hnRK'P D, hnRNP Al oosesscs two 
RBDs a-nd an RGG n,otif. and it shuttles betw-een the nucleus and the cytoplasm. P.nol- 
Roma S and Dreyfi^ss G (1992) Nau.r. 355:730-732. In the nucleus. hnRNT Al has been 
reported to n,„d =0 3' and 5' introntc splice s.tes a. polypy„n,,d.„e stretches bordered bv AG 
.urd CO and Drey.^uss G (1994) EMBO J 13:1 197-1204. ,n the cy.oplasn,, hnRNP Al' has ' 
been reponed to bind to AU-nchele.ments (re.terated AUUUA sequences: AREs) 
charactensttc of 3' ».anslated regions of n-.any cytokines and proto-oncogenes. Ha„,ilton 
BJ et al. (1997)/5,W Cfe„ 45:28732-28741. Cytoplasnt.c and nuclear hnW..P Al thus 
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exhibit different specific RNA binding profiles and appear to have different roles with respect 
to post-transcriptionai regulation of gene expression. Cytoplasmic hoRNP Al, 
phosphoryiated on serines and threonines, may act to stabilize transcripts characterized by 
ARSs. Nuclear hnRNP Al, dephosphorylated on serines and threonines, appears to modulate 
pre-mRNA splicing through its antagonistic effect on splicing factor 2 (SF2/ASF). Caceres 
JF et al. (1994) Science 265:1706-1710; Hamilton BJ et al. (1997) J Bio/ Chem 45:28732- 
28741. 

A third protein identified as an immunostimulatory DNA binding protein is lupus La 
protein, also known as Sjogren's syndrome type B antigen or SS-B (GenBank accession no. 
125985). Lupus La protein is a 48 kDa 408 amino acid transcription termination factor which 
contains one RBD and binds to the 3' termini of nascent RNA polymerase III transcripts. 
ChanEKL et al. {192,9) Nucleic Acids Res 17:2233-2244; Gottlieb E and Steitz JA (1989) 
EMBO J 8:851-861. Lupus La protein is present in a myriad of nuclear and cytoplasmic 
ribonucleoprotein complexes in vivo where it may function as an RNA-folding protein or 
IWA chaperone. Rosenblum JS et al. (\99S) J Cell Biol 143:887-99. It also is a calmodulin- 
binding protein (Castro A et al. (1996) Cell Calcium 20:493-500), and it interacts with the 
small subunit of ribosomes (Peek R et al. (1996) Eur J Biochem 236:649-55) and 
transcription termination factor (Maraia RJ et al. (1994) Mol Cell Biol 14:2147-53). Sera 
from about 10 percent of patients with systemic lupus erythematosus contain anii-SS-B/La 
antibodies that are directed against the RBD and react w-ith normal La protein as if it were 
foreign. Rischmueller M et al. (1995) Clin Exp Immunol 1 01 :39-44. 

A fourth protein now identified in immunostimulatory DNA binding protein 
com.plexes is nucleolin. Nucieolin is a highly conserved, multifunctional, multidomain 
phosphoprotein present in particular abundance in the nucleolus and associated with cell 
proliferation (reviewed in Srivastava M and Pollard HB (1999) FASEB J 13:191 1-1922). 
Because of its highly acidic N-terminal domain, nucleolin has an apparent MW of 1 05 kDa 
on SDS-PAGE despite^its predicted MW of 77 kDa based on its cDNA sequence. In addition 
to its roles in ribosomal DNA transcription, pre-ribosomal packaging, and organization of 
. nucleolar chromatin, nucieolin also functions as a cell surface receptor and shuttle protein 
'between plasma membrane, cytoplasm, and nucleus. Kibbey MC et al. (1997) J Neurosci Res 
42:3 14-322; Nigg FA et al. (1997) Nature 386:779-787; Lee CH et al. (199S) J5/o/ Chem 
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273:7650-7656: Bates PJ et al. {1999) J B^ol Chem 274:26369-26377. Like other RN'A 
binding proteins, including hnKNPs. nucleoiin contains motifs characteristic of proteins 
capable of interacting with and ssDNA: four RBDs and one RGG. Nucleoiin has 
previously been shouoi to recognize specific sequences of RNA (UCCCGA) and T-rich. but 
not A-rich ssDNA. Dickinson LA et al. (1995) Mol Cell Biol 15:456-465; Ghisolfi-Nieto L et 
al. (1996) J Mol Biol 260:34-54. 

Together with hnRNP D. nucleoiin forms the B-ceil specific transcription factor LRl . 
Increased amounts of intact nucleoiin correlate with increased cell proliferation. Evidence 
suggests that the phosphorylation state of nucleoiin influences degradation of nucleoiin and 
therefore ceil proliferation. 

Both alone and in association with hnRNP D, nucleoiin has been sho%vn to bind to G- 
quartets. structures in which four guanines associate in a planar ring and each guanine 
interacts with two other guanines through G-G Hoogsteen bonding. Runs of G-quartets can 
stabilize four single strands of G-rich DNA into four-stranded G4 DNA, which is also bound 
by nucleoiin. Dempsey LA et al. {1999) J Biol Chem 274:1066-1071; Hanakahi LA et al. 
{1999) J Biol Chem 274:15908-15912. G-rich DNA is particularly characteristic of 
ribosomal DNA, immunoglobulin hea^T chain switch regions, and telomeres. Despite the 
reported association between nucleoiin and cell proliferation, binding of G-rich DNA to 
nucleoiin has been associated with inhibition of cell proliferation. Bates PJ et al. (1999) J 
Biol Chem 274:26369-26377. Nucleoiin was also recently showii to bind to G-rich 
phosphodiester oligonucleotides and to inhibit proliferation of a variety of human tumor cell 
lines. Bates PJ et al. (1999) J Biol Chem 274:26369-26377. 

The methods employed in the specific isolation and identification of these 
immunostimulator>' DNA binding proteins are described in the Examples below. Briefly, 
both the isolation and identification began with the preparation of cytosolic or nuclear 
extracts from cells likely to express protein of interest. In this instance, the human B cell line 
Ramos was selected because B cells are susceptible to CpG stimulation and, unlike many B 
cell lines, the Ramos cell line does not carr>' genes of the Epstein-Barr virus (EBV).- Proteins 
isolated from this cell line therefore should be free of EBV-encoded protein. Because initial ' 
experiments revealed no major differences between extracts prepared with and without 
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detergent (0.1% NP-40), cytosolic ex'iracts prepared without detergent were used for isolation 
and identification procedures described below. 

The isolation proceeded from the extraction to a heparin ,afl~mity chromatography step. 
Owing to its strong negative charge, heparin is known to mimic DNA in binding to some 
proteins and to associate with a wide variety of DNA binding proteins. Bound proteins were 
eluted from the heparin affinity column by increasing the ionic strength of the elution buffer. 
Proteins within individual elution fractions were further separated on the basis of their charge 
by ion exchange chromatography using either an anionic UNO-Q column or a cationic LTNO- 
S column. After elution from the ion exchange column, again with increasing ionic strength, 
buffer of the resulting protein fractions was changed to DNA binding buffer without Triton 
X-100 and applied on a 1ml sepharose column that was previously conjugated with 
immunostimulatory oligodeoxynucleotide. Proteins bound to the ODN-conjugated column in 
proportion to their degree of specificity and avidity for the oligodeoxynucleotide. After the 
column was washed with unspecific competitor poly(dI-dC)-poly(dI-dC) and 0. 1 5 M KCI to 
reduce the extent of unspecific binding, bound proteins were then eluted from the ODN- 
conjugated column by exposure to high salt. Elution fractions were desalted and concentrated 
by ultrafiltration, and individual proteins were isolated by SDS-PAGE. 

At least six immunostimulaton,' DNA binding proteins, BP I - BP6, were isolated 
following this scheme. 

Sequence-specific binding was assessed by standard electromobility shift assay 
(EMS A). Fried M and Crothers DM (19S\) Ni^cl Acids Res 9:6505-6525. This assay 
involved mixing individual aliquots of cell extract each with an isotope- or digoxigenin- 
labeled specific oligonucleotide and then separating bound from unbound oligonucleotide by 
non-denaturing PAGE. Unbound oligonucleotides migrated tiirough the gel faster than bound 
oligonucleotides, so that lanes containing protein-oiigonucleotide complexes were readily 
identified by the apparent mobility shift of the oligonucleotide upon autoradiography or 
suitable label detection. Other methods of labeling and detecting oligonucleotides can be 
used, e.g., photo-emissive chemiluminescence or fluorescence techniques. Using this 
approach, oligonucleotides which bound to a protein or proteins in a given sample were 
distinguished from oligonucleotides which did not bind. Conversely, a protein or proteins 
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vvbch bound ,0 a specific oligonucleotide were disti„.uisl,ed f 

which did not bind. a protein or proteins 

The EMSA technique was also used to dete,-.n„e, hereon ■ 
of DNA btnding proteins, tncludi.. relative affinit I P"-™-' --'an's 

constants. See e <, CW.„, p " ™' ^"'^ -n rate 

Vor..,999U.tn, ;T """'^^^^^ 

s.™p.e Of tbe CO.;: of intf """""""^ -~o„s to a 

--"-o.idesc:.peir::::rrr::— 

concentratton of t,e unlabeled o,..on:cleotJs " I^^^ ''""^'^ 

A lim:tat:on of EMSA is its lack of infonnat.on as to the size of the 
participate m comolev for^ ^ ^'^^ ^^^e of the protems that 

F ^ in complex formation. Bands visualized bv FJVf? a ^ 

con..ons correspond toand are referredtoheretna::!:: :^^^^^^^^^ 
P^totncludeatleastoneprotelnandatleastonenucleottde J^^^^^^^ 
determ.atio„ for ind.idual proteins was .ade ,v cross.lnl.ns complexes "7 ■ 

oetween oliaonucleotide.; and n,„, ■ j « ™P'«=s toimed ,n soiuuon 

Crossiink^n' ""^ ™* ^^-^^^n^ SDS-PAGE 

C.ossi.nktng was reaotlyaccomphshed by ultraviolet irradiatton The 
weieittofanvcivencrosslinl,,^ , ■ "ad.atton. The apparent molecular 

^ced ..necontnbution from the oligonucleotide. Correction for thi.. . -u ■ 
con,Pl,catedbyt.efact.ate.ryp.osphod.esterbondofthe:^^^^^^^^^^^^^^^^^ 

-. a one. it .s a.so possible .at ntore than one oligonucleotide is linked to the prot n 

SO even a Single protein idemified on EMSA mav aiv. •■ eprotem, 
Crosslin:, assa^- Fu.h^-^ ^^'^ - ^ 

..e^^.. c ? '''"'^ " oHgonucieotide in a mult. 

P^c.e:n complex also becomes crosslmJced to the princ^tDal bind" 

niolecuJar weight that r^n . u ^ ^ ^PP^^^nt 

-ar Aveight that represents the sum of the weights of aH rh. ^r^, ■ 
complex participatmg in the 
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Identification of individual proteins so obtained was accomplished by mass 
specirometry (MS). Matrix-assisted laser desorption/'ionizaiion (MALDI)-MS and 
elecirospray ionization (ESI)-MS are now standard methods used for identifying peptides 
available in femtomole quantities. Mann M and Talbo G (1996) Ciirr Opin Bioiechnol 7:1 1- 
19; Mann M and Wilm M (1995) Trends Biochem Sci 20:219-224; Mann M et a!. (19S9) Anal 
Chem 61 : 1702-1 70S. Individual bands were cut out of the polyacrylamide gel, cleaved with 
trypsin and then eluted to yield peptide fragments that are subjected to MALDI-MS or ESI- 
MS analysis. The combination of mass/charge data from the MS, cleavage site specificity of 
the trypsin digest, and peptide sequence data permitted identification of individual proteins 
and peptides. MALDI-MS analysis gives a mass fingerprint of the cleaved and analyzed 
proteins. The fingerprint is useful only for scanning against a database of calculated peptide 
masses corresponding to fully sequenced proteins. The ESI-MS analysis is more difficult, but 
it permits identification based on comparison to either complete or panial sequence data. 
Mass accuracies for either method can exceed 0.01 percent, i.e., 1 Da per 10 kDa. 

B. Screemng Methods Useful for Identifying Compounds Which Bind to 
Immunostimulatory DNA Binding Proteins. The invention provides for screening methods 
useful for identifying compounds which bind to immunostimulatory DNA binding proteins. 
In particular, the invention provides a screening method for identify'ing compounds useful for 
inhibiting the interaction between inimunostimulator>' DN.^ and an immunostimulatory' DNA 
binding protein. The invention further particularly provides a screening m.ethod to identify 
agonist compounds useful in immunotherapy. 

■'Screening" as used herein refers to a process in which a sample containing at least 
one candidate compound is processed according to the methods of the invention. Preferably, 
the screening method is a high throughput screening method, in which many candidate 
compounds are processed in a short period of time. For instance, many thousands of 
candidate compounds can be screened in a single day for their ability to bind to an 
immunostimulatory DNA binding protein. 

"Bind" as used herein refers to the physical association betv/een molecules which is 
more prolonged and/or of greater strength or affinity than would be observed following 
random collisions of molecules that do not bind to one another. Tw-o entities which are 
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'■bound- are phy.ca,,v associated one ano.he. e.he. .ans.en.W o. for ,on.e. penods or 
ca.se a b,oc„en,ical or confonna.ional change that can be detected 

"Isolated" as used herein „.th respect to oligonucleotides, polynucleotides, and 
polypepttdes, .cans a cotnpound ,s separated front its native environment in suffic.entiv pure 
forn, so that it can be ntanipulated or used for any one of the putposes of the invent.on Thus 
.soiated tneans sufilcien.ly pure to be used (i) to ra.se and/or tsolate anttbodies (ti) as a ' 
reagent in an assay, or (iii) for sequencing, etc. 

In the first instance the inventton provides a method of screening for compounds 
wh,ch btnd to an immunosttmulatorj- DNA binding protein. Any compound which b.nds to 
an tmmunostimulatory DNA binding protein is herein termed a ".mmunostimulatory DNA 
btndtng protetn ligand" or simply "Hgand compound." A ligand compound can bind to any 
stte on an immunostimulatory DNA bind.ng protein; thus a ligand compound can but need 
not necessarily compete with tmmunostimula.oty DNA for binding. Candidate ligand ' 
compounds can be selected ftom among immunostimulatoty DNAs. other polynucleotides 
pepude nucleic acids (PNAs), polypeptides, carbohydrates, l.pids. hormones, small organ.c 
molecules, and small inorganic molecules. 

"Phosphorothioate-type linkage" as used herein is a phosphorothioate or 
Phosphorodithioate linkage connecting adjacent nucleotide bases along a backbone occurx^n. 
w.th:n a nucleic acid molecule. Prior smdies have shown that ODN uptake bv lymphocytes Is 
markedly affected by the backbone chemistry. Zhao Q et al. (1 993) An.sense Res Dev 3 -53- 
66. The highest cell n^embrane bmd.ng and uptake was seen wuh ch:menc phosphoroth.oate 
ODN in which the central linkages are phosphodiester, but the two 5- and five 3" hnkaoes are 
phosphorothioate modified. Pnor studies have also shown that phosphorothioate n.o Jfied 
ODN are far more immunostimulatory than corresponding umnodified ODN. Phosphodiester 
ODN were synthesized on an Applied Biosystems Inc. Model 380A, 380B. or 394 DNA 
synthesizer using standard beta-cyanoethyl phosphoramidite chemIstry^ Beauca^e SL and 
Canithers MH (1981) Tetrahedron Lea 22:1859. Phosphorothioate linkages were introduced 
DV oxidizing the phosphite linkage with elemental sulfur instead of the standard iodme 
oxidation. I he four common nucleoside phosphoramidites were purchased from Applied 
Biosystems. Ail phosphodiester and phosphorothioate-contaimng ODN were deprotected bv 
treatment with concentrated ammonia at 55°C for 12 hours. The ODN were purified bv ge/ 
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exclusion chromatography and lyophiiized to dryness prior to use. Phosphorodithioaie 
linkages were introduced by using deoxynucleoside S-(P-benzoy!mercapioethyl)pyrroUdino 
thiophosphoramidites. Wiesler WT et al., Synthesis and purification of phosphorodithioate 
DNA. In: Kdeihods in Molecular Biology: Protocols for Oligonucleotides and Analogs - 
Synthesis and Properties, Agrawal S {^d.), Humana Press, Totovva, NJ, pp. 191-206, 1993. 
Phosphorodithioate-comaining ODN were deproiected by treatment with concentrated 
ammonia at 55°C for 12 hours followed by reverse phase HPLC purification. 

"Other polynucleotides" as used herein refers to polynucleotide sequences lacking an 
unmethylated 5'-CG-3' dinucleotide. For example, previous studies have shown that even 
though the level of stimulation is reduced by methylation of the CpG motif, such methylated 
ODN retain a level of immune stimulatory activity that is clearly above background, 
suggesting that the recognition com.plex or some part of the complex can bind methylated 
motifs. Yi AK ct al. (\99S) J Immunol 160:5898-906. These other polynucleotides can be 
synthetic, semi-synthetic, or naturally occurring sequences of DNA or RNA. 

"Peptide nucleic acids" (PNAs) as used herein are nucleic acid analog molecules 
prepared as oligonucleotides in which at least a portion of the sugar-phosphate backbone has 
been replaced with a neutral achirai polyamide (peptide) backbone. Nielsen PE et al. (1991) 
Science 254:1497-1500. PNAs can bind to complementary DNA or RNA, and they are 
highly resistant to proteases and nucleases. Demidov VV et al. (1994) Biochem 
Biopharmacol 48:1310-1313. PNA oligomers are known to exert an antisense effect when 
they are delivered to the interior of cells. Hanvey JC et al. (1992) Science 258:1481-1485; 
Bonham MA et al. (1995) Nucleic Acids Res 23:1 197-1203. 

"Polypeptides" as used herein are used consistently with their known meaning in the 
art and include isolated whole proteins and partial proteins, encoded by nucleic acids. Such 
polypeptides can be isolated from biological samples including tissue or cell homogenates, 
and can also be expressed recombinantly in a variety of prokar>'otic and eukaryotic 
expression systems by constructing an e.xpression vector appropriate to the expression 
system, introducing the expression vector into the expression system, and isolating the 
recombinantly expressed protein. Short polypeptides, including antigenic peptides (such as 
are presented by major histocompatibility complex (MHC) molecules on the surface of a cell 
for immune recognition) also can be synthesized chemical iy using well established m.ethods 
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-=e...:..e;:r::;r:;:::::::::'-- 

bond. " P'^°=Ph°"= -c,d through a peptide or ester 

'°--ee.,o.e:_;:r:rr:^^^^^ 

Lipids' as used herein include fats, oils, fatty acids sternk . 
npopro.e..,,,eohp.3,pho.phohp,d...ohp.I;:;:X^^^^^^^^^ 

■■Ko™o„e.- as used herein include steroid hor:»ones and peptide hormones 

se.j:::;:;:::::;r^ 
»assoness.hanahout.^a.xhe:::::d:;:^^^^ 

"Sn.ail inorganic n,o,ecu,es" as used here.n includes naturall, occutrino synthettc 

2 se™,.sy„theticinor,at,.c.o,ecu,es. Pre.erah,..hes„aUinorga„,en,o,ec ^^^^^^^ 
molecular mass of less than about 1 kDa. 

The screentng method involves contacting at least one candidate l.gand compound 
^ n an _stimulato. ON. hindin, pro.e.n under conditions which In the alZe of a 
.gand compound, exens no effect on the apparent molecular mass of the immu f 

ON. .nd.ngprote,northea.ht. to detect the .mmunostimulat::;^^^^ 
accordmg to tne methods of the invention. 

"Candtdate" compounds encompass numerous chem.ca, classes, although tvptcally 
2 - organ, compourtds. Candidate compounds compnse .nct.onal chemLal Z u 

a™arw:~ '"""^ '-'^'^ ^' 

......e, carbon,,, hydroxy, or carboxyl group, preferably at least two of the functional 

nemtcal groups and more preferably at ,east three of the funct.ona, chemt.l group Xhe 
u.date compour^ds can compr.se cychc carbon or heterocyclic structure and/or aromat.c or 

: P~ ~ - - — --ona, 

acds. sterols, tsopreno.ds, punnes. pynmidines. denvatives or structural analogs of the ' 
aoove. or comb.na.ions thereof and the li.e. Where the compound is a nuc,eic;cid the 
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compound typically is a DNA or FLNA molecule, although modified nucleic acids having 
non-natural bonds or subuniis are also contemplated. 

-Sample" as used herein is any type of material which contains or is thought to 
contain at least one compound of interest. A sample containing at least one candidate licand 
compound is any type of material which includes the at least one candidate compound. The 
sample can be, for instance, a biological isolate containing a plurality of candidate licand 
compounds. The sample can also be a single candidate iigand compound in isolated form. 
Alternatively, the sample can be a library or panel of nararal and/or synthetic compounds. 
The library can, for instance, be a combinatorial library of chemical compounds generated 
using a synthetic strategy in which chemical members of the library are m.ade according to a 
systematic methodology by assembling chemical subunits. Ever>' member of the library is 
thus made up of one or more of the subunits. Depending on the ultimate nature of the library 
members desired, the chemical subunits used to generate the library can include naturally 
occtirring or modified amino acids, natiu-ally occurring or modified nucleotides, naturally 
occurring or modified saccharides or other organic or inorganic molecules. Recombinant 
libraries can also be generated using molecular biology tools in bacteria or bacteriophage 
particles. 

In order to determine whether a sample contains an inimunostimulator>- DNA binding 
protein iigand compound, the amount of ligand compound bound to the immunostimulator\- 
DNA binding protein must be determined. To accomplish this, either the iigand compound or 
the immunostimulatory DNA binding protein can be labeled. A substance is "labeled" when 
it is physically or chemically associated with a marker such that detection or measurement of 
the marker is equivalent to the detection of the presence or measurement of the amiOunt of 
substance in a sample. 

A "marker" as used herein is a molecular tag wliich can be readily detected by 
physical, chemical, biochemical, enzymatic, or other means, and includes but is not limited 
to; digo.xigenin, an isotope; an enz>-me; a fluorescent, luminescent, or chromophoric moiety; 
an antibody with any such marker; a hapten that can be detected using an antibody; and 
labeled binding partners such as (strept)avidin and biotin. Isotonic markers include but are 
not limited to ^H, ''^C, ■'^P, -'^S, '"T and '^'l. Typical fluorescent markers include fluorescein 
isothiocyanate, rhodamine, phycoer>lhrin, phycocyanin, allophycocyanin, and fluorescamine. 
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Typ.cal chen,i,u™nesce„, con^pounds ,„c,ude ,u„..o,, isolu„i„o,. aro„,a.ic acridin.u 

iucuenn and l.c.ferase. Typ.cal enzymes .Code alkaline phosphatase, P-ca,ac,os.dase 

..cose .-Phosphate dehydrogenase, .aleate dehyd.„„ 
norseradish peroxidase. 

^'-^^ -emng assay involves measuring a binding interaction. The atnoun, of btnding 

..and compound can he iaheled and then contacted wtth the itnn,unos.,tnu,a.o.. DNA 
, b.nd,ng prote,n under condittons under which they would normally interact such as' 
condtttons that .in.c the v,Vo environment. A separat.cn step can then be performed to 
separate alio, ennhoundntateHai. Finally, the amount of labeled ligand colpound w^h 
.s bound can be de.ermtned. The method for de.ermmmg the amot.t of bound labeled 1. Id 
-tnpound w.„ depend on the type of marker used. The ability of a ligand compound to Cind 
wth an .mmunostimulatory DNA binding protein can be de.enn.ned by comparmg the 
amount of labeled ligand compound which .s bound to the immunosnmula.ory DNA bindmg 
protem m the presence or absence of the candidate ligand compound 

™s assay can involve the separation of unbound labeled ligand compound from the 
samp.e. t he separation step can be accomplished tn any way known in the art. for mstance 
...e .mmunostimulato,^ DNA btnding protein can be immob.li.ed on a substrate, t.e a solid- 
Phase support, poor to the binding reaction with the labeled Hgand compound, and then 
unbound labeled Hgand compound can be removed after the b.nd.ng reaction bv washing the 
solid-phase support. 

An alternative approach employs labeled immunostimulato,^ DNA btnding prote.n 
rather than, a labeled Itgand compour,d. For instance, the immunostimulatoty DNA bind.ng 
protetn can be labeled and then contacted w.th the candidate ligand compound under 
condtttons under which they would normally interact, such as condit.ons that mimic the 

environment. A separation step can .hen be performed to separate all of the unbound 
matenal. Ftnally. the amount of labeled immunostimulatory DNA binding prote.n wh.ch ts 
bound to candidate ligand compo-.nd can be determined in a manner sim.lar to the method 
descnbed above. The method for determining the amount of bound labeled ' 
tmmunost.mula.oo. DNA binding prote.n will depend on the type of marker used The 
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ability of an immunostimulatory DNA binding protein to bind with a ligand compound can be 
determined by comparing the amount of labeled inimunostimulator>' DNA binding protein 
which is bound to the candidate ligand compound in the presence or absence of the 
immunostimulatory DNA binding protein. 

This assay can involve the separation of unbound labeled immunostimulatory DNA 
binding protein from the sample. The separation step can be accomplished in any way known 
in the art, in a manner similar to the method described above. 

Many types of solid-phase supports are well known in the art. These include, for 
instance, but are not limited to, a plastic multiwell microliter plate, a microarray plate, a bead, 
resin, a nitrocellulose filter, a slide, a silicon chip microarray, or a biomolecular interaction 
analysis (BIA) chip. 

"Beads" as used herein include but are not limited to, for example, cellulose beads, 
controlled-pore glass beads, silica gels, polyst>'rene beads, optionally cross-linked with 
divinylbenzene and/or polyethylene glycol and optionally functionalized with amino, 
hydroxy, carboxyl, or halo groups, co-poly beads, polyacrylamide beads, latex beads, 
dimethylacrylamide beads, glass particles coated with hydrophobic polymers. The solid 
support can be coated with a variety of materials to produce a charged or neutral surface or 
can be coated with compounds such as a binding partner or linker molecules. In addition to 
beads, solid supports also include any type of insoluble matrix, such as an acrylamide 
derivative, agarose, cellulose, nylon, silica, magnetized particles, a cell, or a bacteriophage 
panicle. 

The immunostimulatory DNA binding protein or ligand compound can be attached to 
the solid phase support by any way known in the art, including but not limited to chemical 
cross-linJdng, nonspecific adhesion to a plastic surface, interaction with an antibody anached 
to the solid phase, and interaction with one of a pair of binding partners, such as biotin which 
is capable of binding with avidin or streptavidin or amino-groups that can be liked to 
activated sepharose. 

The separation step can also be performed by capturing complexes formed in solution 
phase onto a solid-phase support, and then, if indicated, washing away unbound reactants. 
For instance, the materials can be separated by size using an ultrafiltration device or filter 
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having po.es w.Sich aliow passage of ,he unbound materia, bu, wh.ch capture ,he bound 
complex. The same effect can be accompUshed us.ng a gel filt.at,on ma.nx 

Dcecon of ,he bound ligand compound or of Hgand compound-.mmunosUmula.or. 
b,n mg protein complex can be accomplished using any of a number of methods we,, known 
m the ar,. These methods tnclude bu, are not limited to EMSA. enzvme-linked 
.mmunosorbent assay (EUSA), ELIspot assay, surface plasmon resonartce (BIAcore) 
fluonmetty, biolut^tnescence, refractometry, autoradiography, autoradiometry, PCR at,d 
scnttllation detection. The techntque of surface plasmot, resonance ts d.scussed in e . 
Szabo A etal. (1995) CrrOpmi-rrac/ Bio/ 5:699-705. ' " 

As mentioned above, the invention speciftcally provides a screentn. method for 
.denfly-tng a compound that inhtbits the tnteractton between .mmunosfmula.orv DNA and an 
tmmunostimulatory DNA binding protein. An "immunosttmulatory DNA bind.ng inhibitor" 
a compound which specifically inhtbits the interaction between .mmunostimulatory DNA 
and at, tmmunosfmulatoty DNA binding protein. An immunostimulatoty DNA bindm. 
.rthibitor will ,n some instances compete with immunostimulatoty DNA for bindino to ^ 
.m^munostimulatoty DNA binding prote.n. In other instances an immunostimulato^ DNA 
btncmg inhibitor will btnd to a site on the immunost.mulatoty DNA binding protein that is 
dtsnnct from the s.te for binding immunostimulatoty DNA. An immunosttmulatorv DNA 
bmdtng tnltibttor will also be an immunostimulatory- DNA functtonal inhibitor when the 
b.nding inhibitor is not also an immunosttmulatory DNA fttnctional mimic (see below). 

The screening method for identifying a compound that inhibits the interaction 
b=^^veen immunostimulatory DNA and an .mmunostimulatory DNA binding protein mvolves 
contacting at least one candidate inhibitor compound selected from a group of candidate 
immunostimulatory DNA binding inhibitors with an immunostimulatorv DNA binding 
protein under conditions which, in the absence of an inhibitor, permit a reference 
immunostimulatoty DNA to bind to the immunostimulatoty DNA binding protein. The 
candidate inhibitor compound is contacted with the immunostimulatory DNA binding protein 
before, after, or simultaneously ^yith contact between a labeled reference immunostimulatorv ' 
DNA and the im,munostimulatory DNA binding protein. The residual bindina of the labeled 
reference immunosttmulatory DNA to the immunostimulatory DNA binding nrotem is then 
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detected. Detection of a decrease in binding of the reference immunostimulatory DNa 
indicates that the candidate inhibitor compound interferes with the binding of the reference 
immunostimu!ator>' DNA to the immunostimuiatorv- DNA binding protein. Examples of 
reference immunostimulator}' ODNs include immunostimulator)' ODNs SEQ ID N0:1. SEQ 
ID NO:2, SEQ ID NO:3, SEQ ID NO: 10, SEQ ID N0;1 L SEQ ID NO: 12 and SEQ ID 
NO: 15. A candidate immunostimulatory DNA binding inhibitor can itself be an 
immunostimulatory DNA or RNA, a nucleic acid without a CpG dinucleotide, or a compound 
other than a nucleic acid. Candidate immunostimulatory DNA binding inhibitor compounds 
can include but are not limited to peptide nucleic acids (PNAs), antibodies, polypeptides, 
carbohydrates, lipids, hormones, and small molecules. Candidate immunostimulatory DNA 
binding inhibitor compounds can further include variants of a reference immunostimulatory 
ODNincorporating any one or combination of the following: at least one substimtion of a 
phosphorothioate-r>'pe bond for a phosphodiester bond, at least one substimtion of a 
phosphodiester bond for a phosphcrothioate-type bond, at least one substitution of one 
phosphorothioate-t>'pe bond for a different phosphorothioate-type bond, or at least one 
substitution of one nucleotide with a different nucleotide. Candidate inhibitor compounds 
can be generated as members of a combinatorial library of compounds. 

This assay can involve the separation of both unboimd unlabeled candidate inhibitor 
compounds and unbound labeled reference immunostimulatory DNA from the sample. The 
separation step can be accomplished in any way known in the art, in a manner similar to the 
separation method described above. Likewise, the detection of the remaining bound labeled 
reference immunostimulatory DNA can be accomplished in any \vay known in the art, in a 
manner similar to the detection method described above. 

As mentioned above, the invention also specifically provides a screening method for 
identifying agonist compotmds useful in immunotherapy. An "immunostimulatory DNA 
agonist compound" as used herein is a compound which binds to an immunostimulatory 
DN.A binding protein and causes an increase in at least one aspect of an immune response that 
is ordinarily induced by immunostimulatory DNA. Am immunostimulatory DNA agonist 
compound will in some instances compete with immunostimulatory DNA for binding to an 
immunostimulatory DNA binding protein. In other instances an immunostim.uiatory DN.A 
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agonist compound wii] bind to a ^ite on ■ 

^- ■ '"^""ostimulatorv- DNA hinHinr. 

distinct from the sit- for hinHin. • bmdmg protem that is 

siu tor bmdmg immunostimulatorv DNA 

before, aft„, or s.n.u„aneousi.v wi,h contact between a labeled reference 

DNA »d the imn^uncst^ulatorv DNA bindin, , ■ T '"™"™sfmuIato,y 

-erence .ntm„nosti..ator. ONA t^e ^ J^^^^^^^ ^ ^ 

-cted. De.ect.on of a dec.e ,„ b: d :Tf^,^^^ ^"'^^ 

. = ^^^^^^"'^e immunostimulatorv' DNA 

.nd-cates that .be candidate ago„s. compound interferes w..b the bind.ng of the reference 
.™.unost,n,„,ato, DNA to the in™u„os.i„n,a.o.. DNA b.ndin, protl Oe e .^ of 
.ncrease in binding of the reference .n«.nno3t™t.,ato. DNA JLs that the" 
.on.sc o.,p_^ 

DNA to the .n™unos.™uIa,on- DNA bind.ng protein. Exan,ples of reference 

SEQ DNO...SEOIDNO:,aSEQ,DNO:n.SEQ,DNO:>2andSEQrDNO,5 A 
c.d.date _ . , ,_,„„,^. ^ 

.c.d. Candtdate .nt..unost™uiato^ DMA agon.st compounds can tnclude but are not ,in..ted 
o pep., nuceic acid. CPNAs), ant.bod.es, po,pept.des. c^boh.vdrates, iipids. Holt 
^ .man .o,ec.,s. Cand.da.e in™unost.n..i3tor, DNA agonist compounds c,^ ft.„her' 
mclude vartants of a reference imn.t.nost..u,ato,>. ODN .ncotporating anv one or 
comb.na.ion of the substitut.ons described above for candidate ,n™unost.n™,a.o„ DNA 
b.nd,„, .nmbttor co.,ct.nds. Cand.da.e agon.st compounds can be generated aslntbers of 
a comb.nator,al librar>- of compounds, members of 

—ive .he separation of both unbound uniabeicd candidate a.omst 
ompounds and unbound iabe.ed reference immunost,n,u,ator, DNA from the sample The 

—on stepc.be accon.p..shed.nan,v..av^own.„ the art, .namam,ers.m.,artoI 
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separation method described above. Likewise, the detection of the remaining bound labeled 
reference immunostimulator>' DNA can be accomplished in any way known in the art, in a 
manner similar to the detection method described above. 

The screening method for inimunostimuIator>' DNA agonist compounds further 
requires contacting a candidate agonist compound with an immune cell and determining if the 
candidate agonist compound is an immunostimulatory DNA functional mimic. 

An "immunostimulatory DNA functional mimic" as used herein is a compound which 
binds to an immunostimulatory DNA binding protein and mimics at least one function of 
immunostimulatory ODNs. 

"Immune cell" as used herein refers to a bone marrow derived cell which can circulate 
or take up residence in a tissue and which participates in the recognition, presentation, or 
response to molecules or parts of molecules that are foreign or signal potential danger to the 
host. Examples of immune cells include B lymphocytes, T lymphocytes, monocytes, 
macrophages, natural killer (NK) cells, dendritic cells, mast cells, basophils, 
polymorphonuclear granulocytes, and the progenitors of all these cells. Methods of isolating 
and identifying immune cells are well known to those skilled in the art. See, e.g.. Current 
Protocols in Molecular Biology, John Wiley & Sons, New York, 1999. Many of these 
immune cells secrete products in response to their activation. Such secreted products include 
immunoglobulins (antibodies) which bind specifically to cognate molecular antigens; 
cytokines, which act as signaling molecules to promote or inhibit proliferation or function of 
populations of immune cells; and chemokines, which act as chemoartractants important in the 
recruitment of immune cells to a site of immune stimulation. Examples of human 
immunoglobulins include molecules belonging to classes or isotypes denoted as IgG. I2M. 
IgE, IgA, and IgD. Human and rodent IgG immunoglobulins are further categorized into 
isotype subclasses denoted IgGl, IgG2, IgG3, IgG4, IgG2a, and IgG2b. C>^okines include 
interleukins, interferons, certain growth factors, and colony stimulating factors. Included 
among these are, e.g., interleukin (IL)-2, IL-4, IL-6, IL-10, IL-12, interferon (IFN)-y, tumor 
necrosis factor (TNF)-a, transforming growth factor (TGF)-P, and granulocyte colony 
stimulating factor (G-CSF). Chemokines include compounds in four subfamilies based on 
their structure: CXC, CC, C, and CX,C. Exam.ples of chem.okines include MlP-Ia, MIP-ip, 
R--\NTES. MCP-K MCP-2, IL-8, and GROa, among others. Assays for immunoglobuiins. 
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Another aspect of the invention provides a method of screening for compounds which 
directly compete with immunosiimulator>' DNA for binding to immunostimulatory DNA 
binding proteins. An "immunostimulatory DNA binding competitor" as used herein is a 
compound which can interact with an immunostimulator>' DNA binding protein and prevent 
the binding of another immunostimulatory ODN to the immunostimulatory DNA binding 
protein. In some cases, a candidate immunostimulatory DNA binding competitor can be an 
inhibitor of immunostimulatory DNA function. In other instances the candidate 
immimostimulatory DNA competitor compound can be an immunostimulatory DNA 
functional mimic. In other instances, the candidate compound can have mi.xed 
immunostimulatory DNA mimic and inhibitor properties. The immunostimulatory DNA 
binding competitor may bind to the same site on the binding protein as inimunostimulator>' 
ODN, thus, physically blocking the interaction between immunostimulatory ODN and the 
binding protein. Alternately the competitor may bind to a remote site and still prevent the 
interaction between the immunostimulatory ODN and the binding protein, i.e., by causing a 
conformational change. 

The screening method for immunostimulatory DNA binding competitors involves 
contacting at least one candidate immunostimulatory DNA binding competitor compound 
selected from a group of candidate immunostimulatory DNA binding competitors with an 
immunostimulatory DNA binding protein under conditions which, in the absence of a 
competitor, permit a reference immimostimulatory DNA to bind or remain bound to the 
immimostimulatory DNA binding protein. The candidate binding competitor compound is 
contacted with the immunostimulatory DNA binding protein before, after, or simultaneously 
with contact between labeled reference immunostimulatory' DNA and the immunostimulato.r>' 
DNA binding protein. The residual binding of the labeled reference immunostimulaton,' 
DNA to the immunostimulatory DNA binding protein is then detected. Detection of a 
decrease in binding of the reference immunostimulatory' DNA indicates that the candidate 
competitor compound interferes with the binding of the reference immunostimulatory DNA 
to the immunostimulatory DN.A. binding protein. Examples of reference immunostimulatory 
ODNs include immunostimulatory' ODNs SEQ ID NO: 1 . SEQ ID NO:2, SEQ ID NO:3, SEQ 
ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 and SEQ ID NO: 15. A candidate 
immunostimulatory DNA binding competitor can itself be an immunostimulatory DNA or 
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RNA. a nucleic acid without a CpG dinucleotide, or a compound other than a nucleic acid. 
Possible immunostimulator,.- DNA binding competitor compounds can include but are not 
limited to nucleic acids as described above, peptide nucleic acids (PNAs), antibodies, 
polypeptides, carbohydrates, lipids, hormones, and small molecules. Possible 
immunostimulatorv- DNA binding competitor compoui^ds can further include variants of a 
reference immunostimulatory ODN incorporating any one or combination of the substitutions 
described above for candidate immunostimulatory DNA binding inhibitor compounds. 
Candidate immunostimulatory DNA binding competitors can be generated as members of a 
combinatorial library of compounds. 

This assay can involve the separation of both unbound unlabeled candidate competitor 
compounds and unbound labeled reference immunostimulator>' DNA from the sample. The 
separation step can be accomplished in any way known in the art, in a manner similar to the 
separation method described above. Likewise, the detection of the remaining bound labeled 
reference immunostimulatory DNA can be accomplished in any way known in the art, in a 
manner similar to the detection method described above. 

In addition to being useful for identifying inhibitors and mimics, the screening assays 
of the invention are also useful for identifying candidate immunostimulatory ODN 
competitors to allow the investigation of structure/activity relationships between 
immunostimulatory ODNs and immunostimulatory DNA binding proteins. 

C. Method for Optimizing Immunostimulatory ODN for Immune Stimulation. Yet 
another aspect of the invention provides a method for optimizing a selected 
immunostimulatory ODN for immune stimulation. "Optimizing" as used herein refers to an 
iterative process of introducing changes to an existing system or compound and evaluating 
the functional significance of each change, followed by selecting the resulting system or 
compound associated with a functional outcome that is most improved; these steps are 
repeated until a desired endpoint is achieved or it appears further changes will not improve 
the functional outcome. The same objective can be achieved in a parallel manner by 
generating a librar\' of closely related compounds and screening the librar>' for the- compound 
or compounds possessing the most favorable embodiment of the characteristic beina 
)timuzed. In this particular instance, optimizing a selected immunostimulatory ODN for 
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immune stimulation involves testing a panel of structurally related immunostimulatory ODNs 
for their ability to bind to immunostimulaton.' DNA binding protein. The screening method 
involves contacting at least one candidate optimized immunostimulatory DNA selected from 
a group of candidate optimized immunostimulatory DN As with an immtinostimulatory DNA 
binding protein imder conditions which, in the absence of a competitor, permit a reference 
immimostimulator>' DNA to bind or rem.ain bound to the immunostimulatory DNA binding 
protein. The candidate optimized immunostimulatory DNA is contacted with the 
immunostimulatory DNA binding protein before, after, or simultaneously with contact 
between the labeled reference immunostimulatory DNA and the immunostimulatory DNA 
binding protein. The residual binding of the labeled reference immunostimulatory DNA to 
the immunostimulatory DNA binding protein is then detected. Detection of a decrease in 
binding of the reference immunostimulatory DNA indicates that the candidate optimized 
immunostimulatory DNA interferes with the binding of the reference immimostimulatory 
DNA to the immunostimulatory DNA binding protein. Examples of reference 
immunostimulatory ODNs include immunostimulatory ODNs SEQ ID N0:1, SEQ ID NO:2, 
SEQ ID NO;3, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 and SEQ ID NO: 15. A 
candidate optimized immimostimulatory DNA can be an immunostimulatory DNA, a CpG 
ODN, or a peptide nucleic acid with a CpG dinucleotide. Candidate optimized 
immunostimulatory DNAs can include variants of a reference im^munostimulatory ODN 
incorporating any one or combination of the substimtions described above for candidate 
immimostimulator>' DNA binding inhibitor com.pounds. Candidate optimized 
immunostimulatory^ DNAs can be generated as members of a combinatorial librar}' of 
compoimds, for example using SELEX technology. Tuerk C and Gold L (1 990) Science 
249:505-510; Gold L et al. {\99 5) Annu Rev Biochem 64:763-797. 

This assay can involve the separation of both unbound imlabeled candidate optim.ized 
immunostimulatory DNAs and unbound labeled reference immunostimulator}' DNA from the 
sample. The separation step can be accomplished in any way known in the art, in a manner 
sim.ilar to the separation method described above. Likewise, the detection of the remaining 
bound labeled reference immunostimulatory DNA can be accomplished in any way known in 
the art, in a manner similar to the detection method described above. 
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molecule, e.g., another polypeptide molecule. The immunosiimulatory ODN can be tethered 
to the immunostimulatory DNA binding protein in the complex formed between an 
immunosiimulator}' ODN and an imniunostimulator>- DNA binding protein, for instance by 
crosslinking by ultraviolet light. 

A •■cellular target molecule" is a molecule bound by a complex formed between an 
immunostimulatory ODN and an immunostimulatory DNA binding protem. Examples of 
possible cellular target molecules include nucleic acids, other proteins, protein-nucleic acid 
complexes, carbohydrates, hormones, and lipids. Panels of candidate cellular target 
molecules can include, for example, a cDNA library, a nucleic acid microchip, a polypeptide 
library, and a cell lysate. A marker as previously described can be used to label the 
immunostimulatory ODN forming part of the complex formed between an 
immunostimulatory ODN and an immunostimulator>' DNA binding protein. Alternatively, a 
marker can be used to label an immunostimulatory DNA binding protein forming part of the 
complex formed between an immunostimulatory ODN and an immunostimulatory DNA 
binding protein. As another alternative, a marker can be used to label the candidate target 
molecule to be bound by ilie complex formed between an immunostimulatory ODN and an 
immunostimulatory DNA binding protein. In this method the immunostimulatory DNA 
binding protein is selected from the group consisting of nucleolin, hnRNP D, AUFI, hnRNP 
Al, lupus La protein, and isoforms, fragments, variants, and equivalents thereof. Examples 
of reference immunostimulatory ODNs include immunostimulatory ODNs SEQ ID NO:l, 
SEQ ID NO:2, SEQ ID N0:3, SEQ ID NO: 10, SEQ ID NO:l 1, SEQ ID NO: 12 and SEQ ID 
NO: 15. 

The screening step of the method involves contacting a complex formed between an 
immunostimulatory ODN and an immunostimulatory DNA binding protein with at least one 
candidate target molecule. Preferably the reaction is performed under conditions that, in the 
absence of a target molecule, permit the complex to remain substantially intact. In other 
words, the preferred conditions should not cause the complex to dissociate or self-aggregate. 
The selection step of the method involves detecting the presence of candidate target molecule 
bound to the complex. This step involves the separation of unbound components, i.e., 
candidate target molecules and unbound complexes, from the sample. The separation step 
can be accomplished in any way known in the an. in a manner similar to the separation 
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method descnbed above. Likewise, the detection of the remaining bound labeled reference 
immunostimuiator,- DNA can be accomplished in any way known in the art, m a manner 
similar to the detection method described above. For example, followmg the step of 
contacting the complex formed between an inimunostimu!ator>' ODN and an 
immunostimulatory DNA binding protein with labeled candidate target molecule, the sample 
can be passed over a filter that can trap compounds at least the size of the complex but w^ill 
not trap unbound labeled target molecule. Detection of the marker on the filter, above any 
background binding which occurs without complex present, indicates the presence of 
candidate target molecule bound to the complex formed between an immunostimulatory 
ODN and an immunostimulatory DNA binding protein. 

Depending on the nature of the candidate target molecule, the step of identifying the 
bound target molecule then involves determining its sequence or structure. In some instances 
the identity will be apparent from the manner in which the panel of candidate target 
molecules was prepared, e.g., by looking up the identity of the compound prepared as part of 
a spatially arrayed combinatorial libraiy. In other instances it will be necessary to perform 
nucleotide or peptide sequencing following standard techniques well known in the art. In yet 
other instances, where the candidate target molecules are not isolated molecules but rather are 
present in a sample representing cell lysate, it may be necessary to dissociate the target 
molecule from the complex formed between an immunostimulatory ODN and an 
immunostimulatory DNA binding protein and then analyze the target molecule using, e.g., 
MALDI-MS or ESI-MS, Northern or Western blotting, or polymerase chain reaction. 

The invention embraces variants of the immunostimulatory DNA binding proteins 
described above. As used herein, a "variant" of an immunostimulatory DNA binding protein 
is a polypeptide which contains one or more modification(s) to the primary amino acid 
sequence of an immunostimulatory DNA binding protein. Modifications which create an 
immunostimulatory DNA binding protein variant are typically made to the nucleic acid which 
encodes the immunostimulaton.- DNA binding protein, and can include deletions, point 
mutations, truncations, amino acid substitutions and addition of amino acids or non-amino 
acid moieties to: 1) retain functional activity of an immunostimulatory DNA binding protein: 
2) enhance a property of an immunostim.ulatory DNA binding protein, such as protein 
stability in an expression system or the stability of protein-protein binding: 3) provide a novel 



wo 00/67023 PCT/USDO/11697 
-41 - 

activity or propeny to an immunostimulatory DNA binding protein, such as addition of an 
antigenic epitope or addition of a detectable moiety; or 4) to provide equivalent or better 
binding to an immunostimulatory DNA or other molecule. Alternatively, modifications can 
be made directly to the polypeptide, such as by cleavage, addition of a linker molecule, 
addition of a detectable moiety, such as biotin, addition of a fatr>' acid, a histidine tag, and the 
like. Modifications also embrace fusion proteins comprising ail or part of the 
immunostimulatory DNA binding protein amino acid sequence. One of skill in the art will be 
familiar with methods for predicting the effect on protein conformation of a change in protein 
sequence, and can thus "design" a variant immunostimulatory DNA binding protein 
according to knowTi methods. One example of such a method is described by Dahiyat and 
Mayo in Science 278:82 (1997), v^'hereby proteins can be designed de novo. The method can 
be applied to a known protein to vary a only a portion of the polypeptide sequence. By 
applying the computational methods of Dahiyat and Mayo, specific variants of a polypeptide 
can be proposed and tested to determine whether the variant retains a desired conformation. 

Variants can include immunostimulatory' DNA binding proteins which are modified 
specifically to alter a fealnare of the polypeptide unrelated to its physiological activity. For 
example, cysteine residues can be substituted or deleted to prevent unwanted disulfide 
linkages. Similarly, certain amino acids can be changed to enhance expression of an 
immunostimulatory DNA binding protein by eliminating proteolysis by proteases in an 
expression system (e.g., dibasic amino acid residues in yeast expression systems in which 
KEX2 protease activity is present). 

Mutations of a nucleic acid which encodes an immunostimulatory DNA binding 
protein preferably preserve the amino acid reading frame of the coding sequence, and 
preferably do not create regions in the nucleic acid which are likely to hybridize to form 
secondary structures, such a hairpins or loops, which can be deleterious to expression of the 
varia.nt polypeptide. 

Mutations can be made by selecting an amino acid substitution, or by random 
mutagenesis of a selected site in a nucleic acid which encodes the polypeptide. Variant 
polypeptides are then expressed and tested for one or more activities to determine which 
mutation provides a variant polypeptide with the desired propenies. Further mutations can be 
made to variants (or to non-variant immunostimulatory DN.A. binding proteins) which are 
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of immunostimulaior>' DNA binding proteins can be tested by cloning the gene encoding the 
ahered immunosiimulatory DNA binding protein into a bacteria! or mammalian expression 
vector, introducing the vector into an appropriate host cell, expressing the altered 
inimunostimulatory DNA binding protein, and testmg for a functional capability of the 
immunostimulator>' DNA binding proteins in the assays disclosed herein. 

E. Isolated Complex Formed Between an Immunostimulatory ODN and an 
Immunostimulatory DNA Binding Protein. The invention also provides for a compositions 
that are complexes formed between an immunostimulatory ODN and an immimostimulator}- 
DNA binding protein. Such complexes are useful in screening for immunostimulatory DNA 
target molecules. The immunostimulatory ODN can be tethered to the immunostimulatory 
DNA binding protein in the complex formed between an immunostimulatory ODN and an 
immunostimulatory DNA binding protein, for instance by crosslirJcing by ultraviolet light. A 
marker can be used to label the immunostimulatory ODN forming part of the complex. 
Alternatively, 'a marker can be used to label an immunostimulatory DNA binding protein 
forming part of the complex. Examples of immunostimulatory ODNs and of 
immunostimulatory DNA binding proteins that can panicipate in the complex are as 
described above. 

F. Kit for Identifying Cellular Targets of an Immunostimulatory Oligonucleotide. In 
another aspect of the invention, an immunostimulatory DNA binding protein can be placed in 
a vial and incorporated into a kit to be used in identification of cellular targets of 
immunostimulatory DNA. In certain embodiments, immunostimulatory DNA according to 
the invention cem also be placed in a vial and included in the same kit. The kits can include 
instructions or other printed material for preparing a complex formed between an 
immunostimulatory ODN and an immunostimulatory DNA binding protein and for using the 
complex to screen a panel of nucleic acid molecules to identify cellular targets of an 
immunostimulatory ODN. Exam.ples of immunostimulator>' DNA binding proteins that can 
be included in a .kit are nucleolin, lupus La protein, hnRNP D, AUF 1 , hnRN? Al , and 
isoforms, fragments, variants, and equivalents thereof. Examples of reference 
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Oligodeoxyribonucieotides. Oiigodeoxyribonucleotides (ODNs) were obtained from 
Operon Technologies, Inc. (Alameda, CA). The various ODNs used for DNA-binding 
analysis were: 



^2059 


5 ' - TCG TOG TTTTG TCG TTTTG TCGTT-3 ' 


(CpG) 


SEQ IDNO:i 


#2080 


5'-TCGTCGTTCCCCCCCCCCCC-3' 


(CpG) 


SEQ IDNO:2 


i';1619 


5 ■- TCC A TG TCGTTCCTG A TG CT-3 ' 


(CpG) 


SEQ ID N0;3 


s!1765 


5'-TCCATGTZGTTCCTGATGCT-3' 


(methylated CpG) 


SEQ IDN0:4 


#2049 


5'-TCCATGTGCTTCCTGATGCT-3' 


(non-CpG) 


SEQ rDNO:5 


n50\ 1 


5 '-TZGTZGTTTTGTZGTTTTGT2GTT-3 ' 


(methylated CpG) 


SEQ IDNG:6 


#5015 


5'-TG CTG CTTTTG TG CTTTTGTG CTT-3 • 


(non-CpG; GpC) 


SEQ ID N0:7 


j^5009 


DIG-5'-CCCCCCCCCCCCCCCCCCCC-3' 


(poly C) 


SEQ ID NO:8 


#5017 


DiG-5'-i 1 n 1 1 1 1 1 ri"i n ri-n-i"i-3' 


(poly T) 


SEQ IDNO:9 


#5001 


NH,-5'-TCGTCGTTTTGTCGTTTTGTCGTT-3' 


(CpG) . 


SEQ IDNO:10 


#5007 


DlG-5'-TCGTCGTTTTGTCGTTTTGTCGTT-3' 


(phosphorothioate CpG) 


SEQ ID NO:l 1 


#5004 


DIG-5'-TCGTCGTTTTGTCGTTTTGTCGTT-3' 


(CpG) 


SEQ IDN0:12 


#5012 


DlG-5'-TZGTZGTTTTGTZGTTTTGTZGTT-3' 


(methylated CpG) 


SEQ ID NO: 13 


#5016 


DIG-5'-TGCTGCTTTTGTGCTTTTGTGCTT-3' 


(non-CpG; GpC) 


SEQ ID NO: 14 


#5008 


DIG-5'-TCGT£GTTCCCCCCCCCCCC-3' 


(phosphorothioate CpG) 


SEQ ID NO: 15 


#5029 


NH.-5'-TCGTCGTTTTGTCGTTTTGTCGTT-3' 


(phosphorothioate CpG) 


SEQ ID NO: 16 


#5018 


DiG-5'- nTriTi rrrrrri'TrrnT-3' 


(phosphorothioate poly T) 


SEQ ID NO: 17 


#5030 


DIG-5*-CCCCCCCCCCCCCCCCCCCC-3' 


(phosphorothioate poly C) 


SEQ ID NO:lS 


#5027 


5'-TCGTCGTTTTGTCGTTTTGTCGTT-3'-DlG 


(CpG) 


SEQ ID NO: 19 


#5021 




(poly T) 


SEQ ID NO:20 


#5031 


5'-CCCCCCCCCCCCCCCCCCCC-3' 


(poly C) 


SEQ IDNO:21 


#2060 


5'-CTGGTCTTTCTGGTTTTTTTCTGG-3' 


(non-CpG) 


SEQ ID NO:22 



Oligonucleotide backbones were phosphodiester unless otherwise noted. CpG motifs are 
underlined, Z designates 5-methylcytosine, and DIG represents digoxigenin. 

DNA binding assay. For electrophoretic mobility shift assays (EMSAs), ODNs were 
end-labeled with T4-polynucleotide kinase (New England Biolabs) and [y-^-P]ATP according 
to the supplier. Binding reactions were performed v,ath 2 - 4 ug protein of whole cell 
extracts, or less with purified protein extracts, in DNA binding buffer [10 mM Tris-HCl (pH 
7.5), 150 mM KCl, 1 mM MgCl,, 0.5 mM EDTA, i mM DTT, 0.1 % Triton X-100, and 8% 
glycerol] supplemented with 100 - 500 ng of poly(dI,dC)-(dI,dC)] and 20,000 - 40,000 cpm 
[y-^-P]ATP-labeIed ODN or 10 ng of digoxigenin-labeled ODN in 10 ^1 total volume. If 
unlabeled competitor ODNs (I - 500 ng) were used, the samples were incubated for 10 
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minutes at room temperature prior to addition of labeled ODN. Following incubation for 30 
minutes at room temperature, loading buffer was added and the probes were electrophoresed 
on a 5% polyacr>'lamide ge! at 1 0 V per cm in 22 mM Tns borate-0.5 mM EDTA buffer. 
Alternatively the samples were analyzed on a 1% agarose gel at 12 V per cm in 0.5 x TAB 
buffer. Gels were dned and exposed to film for 6 to 20 hours at -80°C with an intensifying 



screen. 



In some EMSAs 1 0 ng of non-radioactive digoxigenin-labeled ODN were used for 
binding, rather than [y--P]ATP-Iabeled ODN. In these assays the non-radioactive labeling 
gels were eiectroblotted on a Biodyne Plus membrane (Pierce), UV-crosslinked for one 
minute, and developed with a peroxidase-DIG-Luminescence Kit (Roche) used according to 
the supplier. 

UV crossliiiking in solution and calculation of molecular weight (A^O- From a 
partially purified protein extract 1 - 5 ^il (0.75 ^ig total protem) were mixed in DNA binding 
buffer supplemented with 100 - 300 ng poly(dI-dC)-poly(dI-dC)] and 20,000 to 40.000 cpm 
[y--'-P]ATP-labeled ODN or with 10 ng of digoxigenin-labeled ODN, and, where indicated, 
with 100 to 1000 ng competitor ODN in a final volume of 10 ^1. If competitor was added, 
the samples were incubated for 10 minutes at room temperature prior to addition of the 
labeled ODN. After incubation at room temperature for 30 minutes, the samples were 
transferred into the wells of a 96-well plate and DNA-protein complexes were crosslinJced 
with UV light in a Stratalinker (Straiagene) for 3 minutes or the indicated time. The probes 
were then analyzed by SDS-polyacrylamide gel electrophoresis (SDS-PAGE, see below). 
Prestained protein marker (Bio-Rad, low range) was used as a MW standard. Gels run with 
radioactive label were dried on Whatman paper and autoradiographed. For gels run with non- 
radioactive label, proteins were transferred from the gel onto a Biodyne Plus membrane by 
eiectroblotting and then detected using a Chemiluminescence Detection Kit (Roche) 
according to the supplier's instructions. 

After the exposure was developed, the MW marker lanes were marked on the film and 
the distance between each band of the marker and the running front was measured. Plotting 
the distance in mm (linear scale) against the molecular weight of the marker proteins 
(logarithmic scale) yielded a standard curve which was used to calculate the molecular weight 
of the crosslinked protein-ODN complexes. The calculated molecular weight of each 
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crosslinked protein-ODN complex was then corrected by subtracting the MW of the 
appropriate ODN probe as calculated according to the following formula: 

MW (gmymole) = (251 x nj + (245 x n^-) + (267 x n^) + (230 x n^) ^ (61 x (N-1)) 
where N is the total number of bases, n^ is the number of adenine bases, n^ is the number of 
thymine bases, is the number of guanine bases, and nc is the number of cytosine bases. 
Usmg this formula, ODN #2059 (SEQ ID NO: 1) has a calculated MW of 7355 Da. WOiile the 
phosphate groups (61 x (N-1)) were added to the bases, the hydration and the associated 
cations were not included in this calculation. 

Denaturing protein gels. Crosslinked DNA-protein complexes were analyzed using 
conventional SDS-PAGE. The separation gel contained 7.5% - 10% acrylamide, 1 M Tris- 
HCl (pH 8.45), 0.1% SDS, and 0.5% glycerol. The stacking gel consisted of 4% acrylamide, 
0.75 M Tris-HCl (pH 8.45) and 0.075% SDS. Protein samples were mixed with SDS sample 
buffer [50 mM Tris-Cl (pH 6.8), 1%> P-mercaptoethanol, 2% SDS, 0.1% bromphenol blue, 
1 0% glycerol], boiled for 10 minutes, chilled on ice, and loaded on the gel. The 
electrophoresis buffer for the cathode was 0.1 M Tris-HCl, 0.1 M Tricin and 0.1%) SDS with 
a pH of 8.25. The anode buffer was 0.2 M Tris-HCl (pH 8.8). After electrophoresis the gel 
was dried on Whatman 3M paper and exposed to X-ray film. 

Silver stain assay. After electrophoresis, the SDS gel was transferred into solution 1 
[50% methanol, 12% TCA in H^O] and incubated for 20 min. Then the gel was transferred in 
solution 2 [10% ethanol, 5% acetic acid] and incubated for another 10 min. Afterwards 
solution 2 was changed to solution 3 [0.06%) ammonium persulfate in water] and incubated 
for another 10 min. Then solution 3 was replaced by solution 4 [0.1 %o AgNOs in water] and 
incubated for 15 min. Solution 4 was changed to developing solution [2% KnCO-,. 0.04%) 
HXO], and the reaction was stopped with 1%> acetic acid when the protein bands were clearly 
visible. 

Results. Crude cytoplasmic or nuclear extracts ft-om Ramos B lymphocytes yielded 
several complexes as observed in EMSAs when the 24-mer immunostimulatory ODN #2059 
was used as labeled probe (FIG. 1, lane 1). Complex C 5 appeared to be composed of several 
bands running close to one another, rather than a single band. The slowly migrating complex 
CO was best observed at high protein concentrations (>i5 ug/lane) (FIG. 1, lane 1). DNA 
binding assays in the presence of various concentrations of unlabeled competitor ODN, either 
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Chromatogranhic Isol ation of Immunostimulatorv DNA Bindincr Proteins 

Chromatographic isoiaiion of immunostimulator>' DNA binding proteins from cell 
b'saies proceeded along successive steps of heparin affmhy chromatography, anion or cation 
exchange cliromatography, and immunosiimulatory ODN-coupled sepharose column affinity 
chromatography. 

A. Affinity chromatography with heparin column. The first purification step of 
immunostimulator>^ DNA binding proteins from cell extracts was performed on a heparin 
affinity column. Ail purification steps were carried out at 4°C. Generally only cytoplasmic 
fractions were used, since it is believed that immunostimulatory DNA binding proteins can be 
isolated from the cytosol with fewer other contaminating DNA binding proteins than can 
immunostimulatory DNA binding proteins isolated from the nuclei. The crude cytosolic or 
nuclear extracts were adjusted to buffer. HA [50 mM Tris-HCl (pH 8.4), 50 mM NaCl, 1 mM 
EDTA] on a PDIO gel filtration column (Pharmacia Biotech) according to the manufacturer. 
The samples were then filtered sequentially through 1.2 ^m, 0.8 i^m, 0.45 um, and 0.2 \xm 
syringe filters (Gelman, PVDF membrane). The processed protein extracts, containing up to 
240 mg of protein, were loaded on a 7.5 mi Heparin Hyper D column (Biosepra). With the 
flow rate set at 1 mil/min, proteins were eluted with increasing salt concentration, from. 0 to 
1000 mM NaCl. Fractions were collected and stored at -80°C. Four identical heparin runs 
were performed, each starting from approximately 18 ml of cell pellet. The resulting 
fractions were analyzed by EMSA and crosslink assays, as described above. 

Results. As a first separation step, different immunostimulator}' DNA binding 
proteins present in the crude cytosol were bound to a heparin affinity column and eluted with 
an increasing salt gradient. The resulting fractions from the heparin affinity chromatography 
were divided into four pooled fractions, termed HI , H2, H3, and H4, which were 
subsequently analyzed in EMSA and crosslink assays with CpG ODN ^^2059. For some 
assays fractions HI and H2 were combined and used as a single pooled fraction, Hl/2. 
Results from this analysis are summarized in Table 2 below and shown in FIG. 3 (panel A, 
EMSA; panel B, crosslink). Lane L in both panels of FIG. 3 is the load fraction, and lane U 
is the unbound ft-action (4 times more loaded than in any other lane). Fraction numbers 
within pooled fractions Hl/2, H3, and H4 are indicated. MW standard m.arkers are shown on 
the right in panel B. Binding proteins BPl - BP5 are also indicated. 
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Table 2. Analysis of Heparin Affinity Chromatography Fractions with CpG ODN #2059 



[ Fraction 


mM NaCl 


Binding Proteins 


Crosslink Bands MW (kDa) 


Unbound 


N.A. 


BPS 




HI/2 


100 - 300 


BPS, BP6 


80, 120 


H3 


300 -450 


BP2. BP3, BP4 


50, 58, 108 


H4 


4S0- 720 BP1,BP2,BP3 


50. 58, 108 



EMSA revealed that pooled fractions Hl/2, composed of the fractions eluted from 
the heparin affinity column over the salt range from 1 00 - 300 mM NaCl, comained at least 
three complexes, none of which showed up very well in the crosslink assay. 

Pooled fractions H3, composed of the fractions eluted from the heparin affinity 
column over the salt range from 300 - 450 mM NaCl.- On crosslink assay H3 contained two 
predominant proteins with MW of ca. 50 kDa and 58 kDa and lesser amounts of a 45 kDa 
protein and a 1 08 kDa protein. 

Pooled fractions H4, composed of the fractions eluted from the heparin affinity 
column over the sah range from 450 - 720 mM NaCl. On crosslink analysis H4 contained 
three proteins with MW of ca. 50 kDa, 58 kDa, and 108 kDa. 

B. Ion exchange chromatography with UNO-O and UNO-S columns. After the 
heparin chromatography, pooled fraction H4 was desalted in buffer QA [50 mM NaCl (pH 
7.5), 1 mM EDTA] on a PD 10 column and then loaded on a UNO-Q anion exchange column 
(Bio-Rad). With the flow rate set at 1 ml/min. bound proteins were eluted with an increasing 
salt gradient from 0 to 1000 mM NaCl. Three anion exchange fractions (Al, A2, A3) 
corresponded to fractions collected from 130-260 mM, 260 - 400 mM, and 400- 530 mM 
NaCL Similarly, pooled fraction Hl/2 was desalted, loaded onto a UNO-Q anion exchange 
column, and eluted. 

Heparin fraction H3 was desalted in buffer QA, loaded on a UNO-S cation exchange 
column (Bio-Rad), and, with the flow rate set at 1 ml/min, eluted over an increasing salt 
gradient from 0 to 1000 mM NaCl. Ail bound proteins were eluted over the ranee 230 - 400 
mM NaCl and were collected in a single cation exchange fraction (CI). These anion and 
cation exchange fractions were stored at -80°C prior to analysis by EMSA and crosslink 
assays with ODN #5004. 
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Results. This second separation step resolved the 50 kJDa, 58 kDa, and 108 kDa 
proteins present in H4 from one another. Results are shown in FIG. 4 (EMSA in panel A; 
crosslink in panel B). The early fraction (Al) contained two proteins, BP2 and BP3, with 
MW of 50 kDa and 58 kDa. The middle fraction (A2) contained the 50 kDa protein together 
with the 108 kDa protein. The late fraction (A3) contained the 108 kDa protein, BPl. The 
load fraction (lane L) showed the 50 kDa, 58 kDa, and 108 kDa proteins in the crosslink 
assay. 

The 50 kDa and 45 kDa immunostimulatory DNA binding proteins BP3 and BP4 
present in H3 were resolved using cation exchange rather than anion exchange. Results are 
shown in FIG. 8 (EMSA in panel A and crosslink in panel B). CpG ODN #5004 was used 
with the following fractions: lane 1, H3 load fraction; lane 2, unbound fraction; lanes 4-10, 
fractions 11, 13, 15, 17, 19, 21, and 23. The CI fraction contained BP3 and BP4. 

C. Affinity purification with immunostimulatory ODN -coaled sepharose columns. A 
version of the phosphodiester CpG ODN #2059 with an additional amino group at the 5" end 
(SEQ ID NO: 1 0) was conjugated to 1 ml NHS-activated Sepharose HiTrap columns 
(Pharmacia) according to the manufactiirer's instructions. 

To purify immunostimulatory ODN-binding proteins, pooled fractions from the ion 
exchange columr. chromatography containing the same proteins were combined and their 
buffer changed to glycerol- and detergent- free DNA binding buffer on PDIO columns 
(Pharmacia). This protein solution was then applied on the 1 ml ODN-sepharose column at a 
flow rate of 1 00 ^i/min. After application of the sample, the flow rate was increased to 200 
Lil/min. Loaded columns were then washed whh 1 ml of DNA binding buffer supplemented 
with an additional 100 mM NaCl and 20 j^g/ml poly(dI-dC)-poIy(dI-dC), followed by a 
second wash v/ith 1 ml of DNA binding buffer supplemented with an additional 200 mM 
NaCl. Stepwise elutions were performed with 1 ml of 0.5 M KCl in DNA binding buffer, 1 
ml of 1 M KCl in DNA binding buffer, and 1 ml of 1 M KSCN in DNA binding buffer. 
Eluted fractions were stored at -80°C until tested in EMSA, crosslink, or silver stain assays. 

Results. Results of EMSA and crosslink assays of proteins isolated from fraction Al 
with labeled CpG ODN #5004 are shown in panels A and B of FIG. 5. In each panel the left 
lane is the load fraction, the middle lane is the 0.5 M KCl eluate, and the right lane is the 1 M 
K KCl eluate. A single protein, BP2, with an apparent MW of 5S kDa eluted from anion 
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exchange fraction Al at 0.5 M KCL and a weaker band at 50 kDa corresponding to BP3 
eluted at IM KCl. These two bands are consistent with the crosslink resuUs from fraction Al 
discussed above. As showTi m FIG. 7, no other bands were evident on silver stain (laned 3 
and 6 (0.5 M KCI) and lane 4 (I M KCl)). 

Results of EMSA and crosslink assays of proteins isolated from fraction A3 with 
labeled CpG ODN #5004 are shown in panels A and B of FIG. 6. In each panel the left lane 
is the load fraction and the right lane is the 0.5 M K KCI eluate. As shown in FIG, 6, a single 
protein, BPl, with a MW of 108 kDa eluted from fraction A3 at 0.5 M KCl. This very 
dominant band is consistent with the crosslink results from fraction A3 discussed above. 
Although the EMSA showed only one ODN binding band in the A3 fraction, several weak 
protein bands at lower MW were visible in the silver stain (lane 5, FIG. 7). The lower MW 
bands present with the very large amount of the 108 kDa protein were found by MS analysis 
to represent degradation products of the main protein. 

Results of EMSA and crosslink assays of proteins isolated from fraction CI with 
labeled CpG ODN #5004 are shown in panels A and B of FIG. 9. In each panel lane 1 is the 
load fraction; lanes 3-5, the 0.5 M KCl eluate fractions 3 1-33; lanes 6-8, the I M KCI eluate 
fractions 36-38; and lanes 9 and 10, the 1 M KSCN eluate fractions 42 and 43. As shown in 
FIG. 9, a single protein, BP4, with a MW of 45 kDa eluted from fraction Cl at 0.5 M KCl. A 
second, more prominent protein, BP3, with a MW of 50 kDa eluted at 1 M KCl. Silver stain 
analysis is shown in FIG. 10. Loadings in FIG. 10 are as follows: lane I, Cl load; lane 2, 
A I elution with 500 mM KCl, containing BP2; lane 3, A 1 elution with 1 M KCL containing 
BP3; lane 4, Cl elution with 500 mM KCl, containing BP4; lane 5, CI elution with 1 M KCl. 
containing BP3; and lane 6, Cl elution with 1 M KSCN, containing a minor amount of BP3. 

EXAMPLE 3 

Sequence Spccificitv of Isolated Immunostimulatorv DNA Binding Proteins 

Individual immunostimulatorv DNA binding proteins BPl - BP5 were isolated 
according to the methods described in Example 2. Cold competition EMSA using isolated 
BPL BP2, BP3, and BP4 were performed in a first experiment with 10 ng of digoxigenin- 
labeled phosphodiester CpG ODN #5004 and varying amounts of unlabeled phosphodiester 
ODN selected from: CpG ODN #1 61 9, methylated CpG ODN #1765, and non-CpG ODN 
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#2049. In a similar experiment cold competition EMSA using isolated BP5 were performed 
with 10 ng of digoxigenin-labeled phosphodiester CpG ODN #5004 and var>'ing amounts of 
unlabeled phosphodiester ODN selected from: CpG ODN #1619, methylated CpG ODN 
#1765. and non-CpG ODN #2049. Similarly, cold competition EMSA using isolated BPl, 
BP2, and BP3 were performed in a third experiment with 10 ng of digoxigenin-labeled CpG 
ODN #5004 and varying amounts of unlabeled ODN selected from: CpG ODN #2059, poly T 
ODN #502 1 , and poly C ODN #503 1 . 

Results. Individual isolated immunostimulatory DNA binding proteins exhibited 
individual patterns of sequence specificity as measured by the competition EMSA method. 
The results of the first experiment are shown in FIG. 11. Lanes are as follows in all panels: 
lane 1 is the indicated binding protein with 10 ng of labeled CpG ODN #5004 alone. In lanes 
2-4 CpG ODN #1619 was added as cold competitor in amounts of 300 ng, 30 ng, and 3 ng, 
respectively. In lanes 5-7 methylated CpG ODN #1765 was added as cold competitor in 
amounts of 300 ng, 30 ng, and 3 ng, respectively. In lanes 8-10 non-CpG ODN #2049 was 
added as cold competitor in amounts of 300 ng, 30 ng, and 3 ng, respectively. CpG ODN 
#1619 and non-CpG ODN #2049 differ only by the substitution of a GpC dinucleotide for a 
CpG dinucleotide. 

Binding of CpG ODN to BPl was highly competitive with other CpG ODN, 
moderately competitive with methylated CpG, and less competitive with non-CpG ODN. 
CpG and methylated CpG ODN were weak competitors for BP2, whereas non-CpG ODN 
appeared not to compete at all. Both CpG and methylated CpG ODN competed very 
effectively for BP3, while non-CpG ODN competed poorly. In contrast, binding of CpG 
ODN to BP4 was poorly and equally competitive with other CpG ODN, methylated CpG, and 
non-CpG ODN alike. 

Results of the second experiment are shown in FIG. 12. Lanes in this figure 
correspond to lanes in FIG. 11. Competition was moderate with CpG ODN, weaker with 
methylated CpG, and weaker still with non-CpG ODN. This pattern was most similar to that 
observed for BP2 in the first experiment. 

In the third experiment BPl did not show specificity for poly T. BP2 and BP3 
showed very strong competition by poly T, strong competition by unlabeled CpG ODN, and 
weak competition by poly C. 
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E2CAMPLE4 
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m fr^gments derived .om ^„y sequenced protetns. If .he protein .s no. pres ^ 
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than 0.5 pmoie, or if the protein is pan of a mixture, then the identification method of choice 
is electrospray ionization tandem mass spectroscopy (ESI-MS). Analysis of the different 
eluates by MALDI-TOF-MS and ESI-MS was performed at M-Scan Ltd., (Ascot, GB). 

Based on the MS findings, a Western blot for nucleolin was performed with various 
cytosolic extracts and fractions. SDS-PAGE was performed as previously described. No 
ODN was used. The gel was electro-blotted on a Biodyne Plus membrane (Pierce), UV- 
crosslinked, and blocked with blocking solution (Roche). For detection, a monoclonal mouse 
anti-human nucleolin antibody (C-23; sc-803 1 , Santa Cruz Biotech) was used 1 : 1 000 as the 
first antibody and and a peroxidase-conjugate sheep anti-mouse IgG (#A7282, Sigma) 
1 : 1 0,000 as the second antibody. Detection was performed with a chemiluminecence 
detection kit according to directions provided by the supplier (Roche). An x-ray film 
(Kodak) was exposed in the dark for 1-10 min. 

Results. BPl present in the 0.5 M KCl eluate of the A3 affinity column migrated at a 
MW of 1 1 0 kDa on SDS-PAGE. By delayed extraction (DE) MALDI-TOF-MS and ESI-MS 
it was identified as nucleolin, SwissProt accession no. PI 9338. Nucleolin contains 4 RBDs 
and one RGG domain. 

BP2 present in the 0.5 M KCl eluate derived from the A I affinity column migrated at 
a MW of 58 kDa on SDS-PAGE. By DE-^/L\LDI-TOF-MS and ESI-MS it was identified as 
lupus La protein, SwissProt accession number P05455, equivalent to Sjogren syndrome Type 
B antigen La/SS-B protein. This protein is thought to be an RNA transcription termination 
factor, and it binds to the 3' termini of virtually all nascent RNA polymerase III transcripts. 
Lupus La protein contains a single RBD. 

BP3 present in the 1 M KCl eluate derived from the Cl affinity column migrated at a 
MW of 50 kDa on SDS-PAGE. By MALDI-MS and ESI-MS it was identified as an isoform 
of hnRNP D, consistent with both SwissProt accession number Q 141 00 and Q 12771. 
Isoforms of hnRNP D have a calculated pi near 8.8 and migrate on SDS-polyacr>'lamide gel 
electrophoresis (SDS-PAGE) at higher apparent molecular mass than predicted. Kajita Y et 
ah (1995) J Biol Chem 270:22167-22175. AUF 1 and hnRNP D each contain two RBDs and 
three RGG motifs. 

BP4 present in the 0.5 M KCl eluate derived from the CI affinity column migrated at 
a MW of 45 kDa on SDS-PAGE. By MALDI-MS and ESI-MS it was identified as hnRNP 
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ALSwissProt accession number P09651. HnRNP Al also contains two RBDs and one RGG 
motif. 

Results of the Western blotting for nucleolin are shown in FIG. 14. In the left panel 
the lanes represent cytosols from the following human ceil types: N, NK cells. J. Jurkat T 
cells; H, HeLa cells: and R, Ramos B cells. Nucleolin staming was present in all cell types 
but in cell-type specific patterns. In the right panel the lanes correspond to Ramos cytosol 
hepann affinity fractions HI - H4, and isolated BPI. BPl clearly stained very heavily, and 
displayed a predominant band at about 1 12 kDa. This band and another at 108 kDa stained 
heavly m the H4 fraction, while a minor amount of the 1 12 kDa band and none of the 108 
kDa band were observed m H3. Discrete bands at lower MW, probably representing 
degradation products of intact nucleolin, were also present in fractions H3 and H4. No 
staining w-hatsoever was observed in the H 1 or H2 fractions. 

Takmg into account that ssDNA binding protein-nucleoHn, together with hnRNP D, 
forms the B-cell proliferation-inducing transcription factor LRI, and that hnRNPs generally 
fonn heterocomplexes in the nucleus, it is expected that all four identified proteins may 
participate, possibly in vanous stoichiometries, in forming one or more sequence-specific 
ssDNA (ODN) binding complexes. Binding specificity is expected to be dependem on and 
maintained by individual components in a given complex. Furthermore, since nucleolm is 
described to be expressed at the cell surface and to shuttle between the outside of the cell and 
Lhe nucleolus, nucleolin, complexed together with particular RNA binding proteins (e.g., 
hnRNT AI, hnRNF D, AUFI, or lupus La protein), is expected not only to mediate CpG- 
specific binding to ODN but also to trigger specific transcriptional events within the nucleus 
of the cell. 

The proposed three sets of different MW immunostimulatory DNA binding proteins 
apparently e:<hibit different affinities for phosphorothioate or phosphodiester ODN when 
analyzed independently m crosslink assays. These differences observed in vitro are expected 
to be representative of the in vivo affinitv- for these ODN and suggest that binding proteins 
acting together as a complex might effect such binding selectivity, through the combined 
contributions from individual binding proteins^ distinct binding affinities. 

The 1 08 kDa protein we identified as nucleolin shows strong affinity for 
phosphorothioate and phosphodiester ODN. This might be crucial for nuceolin acting as 
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surface receptor for phosphorothioate ODN. In contrast, the proteins in the lower MW range 
do not show strong affinity to phosphorothioate ODN. Instead, the 58 kDa and 50 kDa 
proteins e>diibit a clear sequence specificity for immunostimulatory ODN and a particular 
high affinity for poly T ODN. Complexes containing more than one of these proteins may 
therefore exhibit a diverse pattern of sequence specificity in ssDNA/ODN binding. Nucleolin 
may function as a master protein in these complexes, recruiting one or all of the other 
proteins like hnRNP Al, hnRNP D, AUFl, or lupus La protein (and other, non-ODN-binding 
proteins too) to fulfill specific functions in ODN recognition. 

It is expected that the in vivo function of these complexes begins with the high affinity 
binding of a broad panel of ODN by nucleolin, at the cell surface and/or in the cytoplasm, 
and, together with other cytosolic RNA binding proteins, e.g., various hnRNPs and lupus La 
protein, form sequence-specific complexes. Eventually ODN with certain sequences are 
passed on to high affinity proteins. Relocation of at least one component of the complex to 
the nucleus leads to triggering of transcriptional events. Alternatively immunostimulatory 
DNA binding proteins could be retained in the cytosol, blocking pre-mRNA processing, 
transport of mRNA out of the nucleus, and/or translation, immunostimulatory DNA binding 
proteins retained in the cytosol could also be prevented from or induced to bind to unstable 
mRNA. 

The foregoing written specification is considered to be sufficient to enable one 
skilled in the art to practice the invention. The present invention is not to be limited in scope 
by examples provided, since the examples are intended as a single illustration of one aspect of 
the invention and other functionally equivalent embodiments are within the scope of the 
invention. Various modifications of the invention in addition to those shown and described 
herein will become apparent to those skilled in the art from the foregoing description and fall 
within the scope of the appended claims. The advantages and objects of the invention are not 
necessarily encompassed by each embodiment of the invention. 

All references, patents and patent publications that are recited in this application are 
incorporated in their entirety herein by reference. 
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CLAIMS 

A screens, method fo.- idc„,fyi„, compounds which hind . 

immunostimulatorv DNA hinWir, 



i to an 



cOBtactmg an immunostim.ia.ory DNA binding p^ein with , , 
least one candidate liBanH„f v, ■ * P™"'" ™* ^ sample containing at 

"''"^^•=''8»<'°f-'d.mn,unostitnulatory DNA binding protein 

^^^=:=:~~^^ 

— imttiato. UNA Wttonai .od.«.s c ^ in! " ^ " 

bindtng it^bttors, ,n™unost.n,u.ato„ DNA III ™^ 
a-onists arri ■ , ^ ""^^^ ■"^'"ostimulato.y DNA 

a=omsts, and imniunosttmulatory DNA antagonists. 

The method of claim 1 wherein the imntunostimulatoty DNA bindin. , ■ 
RjVA binding protein. '"^ protem is an 

The method of claim 1 wherein the immunostimulatoo' DNA bindin. , • 
RNA bindtng pn>,ein having at least one mottf selected frl th ' " 

RBD. RGG domain, KH motif, and ARM. ""^'^""^ 
The method of claim 1 where.n the immunostimttlatot. DNA btndin. protein is an 

The method of Cairn 1 wherein the immunosttmulato.^ DNA binding protein is an 
AL Ft, hnRNP A 1, and lupus La protein. 



The method of clatm , wherein the immunostimulatoty DNA bind.n. protein is part 

The method of Cairn 1 wherein the at least one cand.date iigand of the 
.^unosnmulator. DNA binding protein ts an tsolated molecule selected from the 
J conststtng of: po.vnnCeottdes, peptide nttCetc aCds, pol.pept.des, 
—rates, Hpids, hormones, small organic molec.les, small inorganic molecules 
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variants of a reference immunostimulator>' ODN incorporating at least one substitution 
of a phosphorothioate-type bond for a phosphodiester bond, variants of a reference 
immunostimuIator>' ODN incorporating at least one substitution of a phosphodiester 
bond for a phosphorothioate-t>'pe bond, variants of a reference immunostimulatory 
ODN incorporating at least one substitution of one phosphorothioate-type bond for a 
different phosphorothioate-type bond, and variants of a reference immunostimuIator>' 
ODN incorporating at least one nucleotide substitution. 

The method of claim 1 wherein the candidate ligand of immunostimulatory DNA 
binding protein is part of a combinatorial library of compounds. 

The method of claim 1 wherein the candidate ligand of immunostimulatory DNA 
binding protein is labeled with a marker selected from the group consisting of: 
digoxigenin, biotin, an isotope, a fluorophore, and an enzyme. 

The method of claim 1 wherein the immunostimulatory DNA binding protein is 
attached to a substrate selected from the group consisting of: a plastic multiwel! plate, a 
bead, a resin, a filter, a glass slide, a plastic slide, a BlAcore.chip, and a silicon chip 

The method of claim 1 wherein binding of candidate ligand to the 
immunostimulatory DNA binding protein is detected using a method selected from the 
group consistmg of: EMSA, ELISA, surface plasmon resonance (BIA), fluorimetry, 
bioluminescence, refractometry, autoradiography, autoradiometry, PGR, and 
scintillation detection. 

The method of claim 1 wherein the determining step comprises 
contacting the candidate ligand that binds to the immunostimulatory DNA binding 
protein with an immune cell, and 
measuring a response of the immune cell. 

The method of claim 12 wherein the response of the immune cell is measured by 
determining an amoimt of at least one cytokine secreted by the immune cell. 

The method of claim 12 wherein the response of the immune cell is measured by 
determining an amount of antibody secreted by the immune cell. 

The method of claim 12 wherein the response of the immune cell is measured by 
determining an isotype of antibody secreted by the immune cell. 

The method of claim 12 wherein the response of the imjnune cell is measured by 
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determining expression of at least one cell surface molecule on the immune cell. 
I 7. The method of claim 12 wherein the response of the immune cell is measured by- 

determining activation of at least one cellular kinase of the immune cell. 

18. The method of claim 12 wherem the response of the immune cell is measured by 
determining a change in redox potential of the immune cell. 

1 9. The method of claim 12 flirther comprising contacting a reference 
immuriostimulatory ODN with the immune cell. 

20. The method of claim 1 9 wherein the candidate ligand and the reference 
inimunostimulatory ODN are contacted with the immune cell simultaneously. 

2 1 . The method of claim 1 9 wherein the candidate ligand and the reference 
immunostimulatory ODN are contacted with the immune cell sequentially. 

22. The method of claim 19 wherein the reference immunostimulatory ODN is selected 
from the group consisting of: immunostimulatory CpG ODNs and immunostimulatory 
T-rich ODNs. 

23. The m.ethod of claim 22 wherein the immunostimulatory T-rich ODNs are poly T 
ODNs. 

24. The method of claim 19 wherein the reference immunostimulatory ODN is a 
phosphorothioate ODN. 

25. The method of claim 19 wherein the reference immunostimulatory ODN is a poly G 
ODN. 

26. A screening method for identifying an immunostimulatory DNA binding 
competitor, comprising: 

contacting an immunostimulatory DNA binding protein with a sample containing at 
least one candidate immunostimulatory DNA competitor compound and a reference 
immunostimulatorj' ODN, and 

determining a first amount of reference immunostimulatory ODN bound to the 
immunostimulatorv- DNA binding protein in the presence of the sample relative to a 
second amount of reference immunostimulatory ODN bound to the immunostimulatory 
binding protein in the absence of an immunostimulatory DNA competitor compound, 
wherein the sample includes at least one immunostimulatory DNA competitor 
compound when the first amount is less than the second amount. 
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27. The method of claim 26 wherein the sample and the reference immunostimulator>' 
ODN are contacted with the immunostimulatory DNA binding protein simultaneously. 

28. The method of claim 26 wherein the sample and the reference immunostimulator>' 
ODN are contacted with the immunostimulatory DNA binding protein sequentially. 

29. Tlie method of claim 26 wherein the immunostimulatory DNA binding protein is 
attached to a substrate selected from the group consisting of: a plastic multiwell plate, a 
bead, a resin, a filter, a glass slide, a plastic- slide, a BIAcore chip, and a silicon chip. 

30. The method of claim 26 wherein the immunostimulatory DNA binding protein is an 
RNA binding protein. 

3 1 . The method of claim 26 wherein the immunostimulatory DNA binding protein is an 
RNA binding protein having at least one motif selected from the group consisting of: 
RBD, RGG domain, KH motif, and ARM. 

32. The method of claim 26 wherein the immunostimulatory DNA binding protein is an 
RNA binding protein selected from the group consisting of: hnRNPs, nucleolin, and 
lupus La protein. 

33. The method of claim 26 wherein the immunostimulatory DNA binding protein is an 
FINA binding protein selected from the group consisting of: nucleolin, hnRNP D, 
AUF 1 , hnRNP A 1 , and lupus La protein. 

34. The method of claim 26 wherein the immunostimulatory DNA binding protein is 
pan of a complex comprising a protein selected from the group consisting of: nucleolin, 
hnRNP D, AUF 1 , hnRNP A 1 , and lupus La protein. 

35. The method of claim 26 wherein the reference immunostimulatory ODN is labeled 
with a marker selected from the group consisting of: digoxigenin, biotin, an isotope, a 
fluorophore, and an enzyme. 

36. The method of claim 26 wherein the amount of bound reference immunostimulatory 
ODN is detected using a method selected from the group consisting of: EMSA, ELISA, 
surface plasmon resonance (BIA), fluorimetry, bioluminescence, refractometr>-, 
autoradiography, autoradiometry, PGR, and scintillation detection. 

37. The method of claim 26 wherein the reference immunostimulatory ODN is selected 
from the group consisting of: SEQ ID NO:l (#2059), SEQ ID NO:2 (#2080), SEQ ID 
NO:3 (#1619), SEQ ID NO: 11 (#5007), and SEQ ID NO: 12 (#5004). 



43. 
44. 
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The method of claim 26 wherem the candidate immunostimuiatory DNA competitor 
compound is pan of a combmatoHal librao-' of compounds. 

The method of ciaim 26 wherein the at least one candidate immunostimulatory 
DNA competitor compound is an isolated molecule selected from the group consisting 
of: polynucleotides, peptide nucleic acids, polypeptides, carbohydrates, lipids, 
hormones, small organic molecules, small inorganic molecules, variants of a reference 
immunostimulatory ODN molecule incorporating at least one substitution of a 
phosphorothioate-type bond for a phosphodiester bond, variants of a reference 
immunostimulatory ODN molecule incorporating at least one substitution of a 
phosphodiester bond for a phosphorothioate-type bond, variants of a reference 
immunostimulatory ODN molecule incorporating at least one substitution of one 
phosphorothioate-type bond for a different phosphorothioate-type bond, and variants of 
a reference immunostimulatory ODN molecule incorporating at least one substitution of 
one nucleotide with a different nucleotide. 

The method of claim 26 wherein the at least one candidate immunostimulatory 
DNA competitor compound is a phosphorothioate ODN. 

The method of claim 26 wherein the at least one candidate immunostimulatory 
DNA competitor compound is a CpG ODN. 

The method of claim 26 wherein the at least one candidate immunostimulatory 
DNA competitor compound is a T-rich ODN. 

The method of claim 42 wherein the T-rich ODN is a poly T ODN. 

The method of claim 26 wherein the at least one candidate immunostimulatory 
DN A competitor compound is a poly G ODN. 

The method of claim 26 further comprising the steps of 

contacting the immunostimulator>' DNA competitor compound with an immune 
cell, and 

measuring a response of the immune cell to determine whether the 
immunostimulatory DNA competitor compound is an immunostimulatory DNA 
functional mimic. 

The method of claim 45 wherein the response of the immune cell is measured by 
deteimining an amount of at least one cytokine secreted by the immune cell. 
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47. The method of claim 45 wherein the response of the immune cell is measured by 
determining an amount of antibody secreted by the immune ceil. 

48. The method of claim 45 wherein the response of the immune cell is measured by 
determining an isotype of antibody secreted by the immune cell. 

49. The method of claim 45 wherein the response of the irmr.une cell is measured by 
determining expression of at least one cell surface molecule on the immtine cell. 

50. The method of claim 45 wherein the response of the immune cell is measured by 
determining activation of at least one cellular kinase of the immune cell 

5 1 . The method of claim 45 wherein the response of the immune cell is measured by 
determining a change in redox potential of the immune cell. 

52. The method of claim 26 further comprising the steps of 

contacting the immunostimulator>' DNA competitor compound and a reference 
immunostimulatory ODN with an immune cell, and 

measuring a response of the immune cell to determine whether the 
immunostimulatory DNA competitor compound is an immunostimulatory DNA 
inhibitor. 

53. The method of claim 52 wherein the immunostimulatory DNA binding competitor 
compound and the reference immunostimulatory ODN are contacted with the irrunune 
cell simultaneously. 

54. The method of claim 52 wherein the immunostimulatory DNA binding competitor 
compound and the reference immunostimulatory ODN are contacted with the immune 
cell sequentially. 

55. The method of claim 52 wherein the reference immunostimulatory' ODN is selected 
from the group consisting of immunostimulatory CpG ODNs and immunostimulatory 
T-rich ODNs. 

56. The method of claim 55 wherein the immunostimulatory T-rich ODNs are poly T 
ODNs. 

57. The method of claim 52 wherein the response of the immune cell is measured by 
determining an amount of at least one cytokine secreted by the imjnune cell. 

58. The method of claim 52 wherein the response of the immune cell is measured by 
determining an amount of antibody secreted by the immune cell. 
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XV, , ^ ^c^reted b\ the immune celi 

The method of claim 52 wherein th. 

The method of cla™ 52 wherein .he " 

comprising: immune stimulation, 

providing an immunostimulatory DNA hindin. 
;^ i-'iNA bmding protein, a referenrf- 

inununostimulatoiy ODN that h,n^. . rererence 
. w , ^° 'mmunostimuJatory DNA h^H ■ 

and at least one candidate ant^r^;-. a ■ binding protein, 

anaidate optimized immunostimulatory ODN that dif^- ^ 
reference inrn^unostimulatory ODN bv i ' 
inteimucIeotidelmKage, """^^ ^^^^ "^'-'^-r at least one 

contacting the immunostimulatory DNA bindin 
least one candidate optimized imm ' ' --pie contaming at 

— timulatoi, 0~ — - - - — ce 

^^^^^^^ 

— stimulato^yOD^;^^ " 

stimulator; Od".^^^ ~ 

as the reference immunostimulatory DNA and 

comp^ed. ■n^unos.^ula.ory ODN agains, wh.ch ,s 
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RNA binding protein having at least one motif selected from the group consisting of: 
RBD, RGG domain, KH motif, and AFLM. 

66. The method of claim 63 wherein the immunostimulatory DNA binding protein is an 
RNA binding protein selected from the group consisting of: hnRNPs, nucleolin, and 
lupus La protein. 

67. The method of claim 63 wherein the immunostimulatory DNA binding protein is an 
RNA binding protein selected from the group consisting of: nucleolin, hnRNP D, 
AUFl , hnRNP Al , and lupus La protein. 

68. The method of claim 63 wherein the immunostimulatory DNA binding protein is 
part of a complex comprising a protein selected from the group consisting of: nucleolin, 
lupus La protein, hnRNP D, AUFl, and hnRNP AI. 

69. A method for identifying cellular targets of an immunostimulatory ODN, 
comprising: 

screening a panel of candidate target molecules with a complex formed between an 
immunostimulatory ODN and an immunostimulatory DNA binding protein, 
selecting the candidate target molecules that bind to the complex, and 
determining the sequence of the bound candidate target molecules to identify the 
cellular targets of the immunostimulatory ODN. 

70. The method of claim 69 wherein the panel of candidate target molecules is a cDNA 
library. 

71. The method of claim 69 wherein the panel of candidate target molecules is a nucleic 
acid microchip. 

72. The method of claim 69 wherein the panel of candidate target molecules is a 
polypeptide library. 

73. The method of claim 69 wherein the complex is composed of an immunostimulator>' 
ODN tethered to an immunostimulatory DNA binding protein. 

74. The method of claim 69 wherein the immunostimulatory DNA binding protein is an 
RNA binding protein. 

75. The method of claim 69 wherein the immunostimulatory DNA binding protein is an 
RNA binding protein having at least one motif selected from the group consisting of: 
RBD, RGG domain, KH motif, and ARM. 
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85. 
S6. 
87. 



The method of claim 69 wherein th. ■ 

-A T:::zr"""''°'' "'"'"^ ""'^^ ^ 

>"pus ia pro.e,„^ ' '"'^ ''"'^^P- nucleoHn, and 

^^^^^^^ 

fluorophore, and an enzyme. b'onn, an .sotope, a 

80. "n^'hod of claim 69 wherein the im„ 

'■"^"'"^"f^'--^ Where. , he .nununctouIatorvODV. selected fro ,H 

Aji isolated immunostimulatory ODN-imm„noef , 

.plex. ^mmunostxmulatoo' DNA binding protem 

The complex of claim S3 wherein thp irr.,^ • , 

wnerem the immunostmiulatorv ODN is tether^^H to tu 
^mmunostamulatory DNA bindmg protem ' 

-A o,nd.n, protein ha.n, at ieas. one .ottf .iected front the ,oup Z^Z, 



82. 



83. 

complex 



Vr w Ju/67023 PCT/USOO/11697 
-67- 

RBD, RGG domain, KH motif, and ARM. 

88. The complex of claim 83 wherein the. immunostimulatory DNA binding protein is 
an RNA binding protein selected from the group consisting of: hnRNPs, nucleoiin, and 
lupus La protein. 

89. The complex of claim 83 wherein the immunostimulator>' DNA binding protein is 
an RNA binding protein selected from the group consisting of: nucleoiin, hnRNP D, 
AUFl, hnRNP Al, and lupus La protein. 

90. The complex of claim 83 wherein the immunostimulator>' DNA binding protein is 
part of a complex comprising a protein selected from the group consisting of: nucleoiin, 
lupus La protein, hnRNP D, AUF 1 , and hnRNP A 1 . 

91 . The complex of claim 83 wherein the immunostimulatory ODN is a 
phosphorothioate ODN. 

92. The complex of claim 83 wherein the immunostimulatory ODN is a CpG ODN. 

93. The complex of claim 83 wherein the immunostimulatory ODN is a T-rich ODN. 

94. The complex of claim 93 wherein the T-rich ODN is a poly T ODN. 

95. The complex of claim 83 wherein the immunostimulatory ODN is a poly G ODN. 

96. The complex of claim 83 wherein the immunostimulatory ODN is labeled with a 
marker selected from the group consisting of: digoxigenin, biotin, an isotope, a 
fluorophore, and an enzyme. 

97. The complex of claim 83 wherein the immunostimulatory DNA binding protein is 
labeled with a marker selected from the group consisting of: digoxigenin, biotin, an 
isotope, a fluorophore, and an enzyme. 

98. The complex of claim 83 wherein the immunostimulatory ODN is selected from the 
group consisting of: SEQ ID NO: I (#2059), SEQ ID NO:2 (#2080), SEQ ID NO:3 
(#1619), SEQ IDNO:ll (#5007), and SEQ ID NO:12 (#5004). 

99. A kit for identifying cellular targets of an immunostimulatory ODN, comprising: 
an immunostimulatory ODN in a container, 

an immunostimulatory DNA binding protein in a container, and 
instructions for preparing an immunostimulatory ODN-immunostimulatory DNA 
binding protein complex and for using the complex to screen a panel of candidate target 
molecules to identify cellular targets of an immunostimulatorv' ODN. 
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R^ A b,nd,„g p.o.e,n selected fron, .he group consisung of: nuCeoiin, hnRNP d 
AUF 1 , hnRNP A 1 , and lupus La protein. 

' a coir ONA .ndin. protein .s part of 

a cot^ple. contpnstn, a protein selected fro. the group consisting of: nucleoHn lupus 
La protem, hnRNP D, AUFl, and hnRNP Al. 
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SEQUENCE LISTING 




<130> C1039/7056WO 

<150> US 60/131,330 
<151> 1999-0'5-29 

<150> US 60/186, 845 
<151> 2000-03-03 

<160> 22 

<170> TastSEQ for 

<210> 1 
<211> 24 
<212> DNA 
<213> Artificial 



tcgtcgtttt gtcgttttgt cgtt 

<210> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequ 



<210> 3 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic 



zctgatgct 

<210> < 

<211> 20 

<212> DN'A 

<213> Artificial 
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<220> 

<223> synthetic oligonucleotide 

<221> modif ied_base 
. <222> (S) . . . iS) 
<223> rr.5c 

<A00> 4 
tccatgtcgt tcctgatgct 

<210> 5 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide 

<'100> 5 
tccatgtgct tcctgatgct 

<210> 6 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<22G> 

<223> synthetic oligonucleotide 

<221> modif ied_base 
<222> (2) ... (2) 
<223> mSc 

<221> modif ied_base 
<222> (5) ... (5) 
<223> m5c 

<221> modif ied_base 
<222> (13) ... (13) 
<223> m5c 

<221> modif ied_base 
<222> (21) ... (21) 
<223> m5c 

<'3 00> 6 
tcgrcgtttt gtcgrtttgt cgtt 

<210> 7 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide 

<400> 7 
tgctcctttt gtgctttrgt gctt 
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<210> 8 
<21i> 20 
<2i2> DNA 

<213> Artificial Sequence 
<220> . 

<223> synthetic oligonucleotide 
<221> n:iisc_fearure 



<223> modified with cigoxigenin 

<400> 8 
cccccccccc cccccccccc 

<210> 9 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide 

<221> n^.isc_f eature 
<222> (1) . . . (1) 

<223> modified with digoxigenin 

<400> 9 
tttttttttt tttttttttt 



<210> 10 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide 

<221> inisc_f eature 
<222> (1) ... (1) 

<223> modified with a.Tiino group 

<400> 10 
tcgtcgtttt gtcgttttgt cgtt 

<210> 11 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synt.hetic oligonucleotide 

<221> misc_feature 
<222> (1) ... (24 ) 

<223> phosp.horothioate backbone 

<221> misc_feature 
<222> (1) . . . (i) 

<223> modified v;it.h digoxige.nin 
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<400> 11 
rcgtcgrttt giicgttccgc cgtt 

<2i0> 12 . 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<22C> 

<223> syn-hetic oligonucleotide 

<221> misc_feature 
<222> (1) . . . (1) 

<223> modified with digoxigenin 

<400> 12 
tcgtcgtttt gtcgttttgt cgtt 

<210> 13 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide 

<221> !Tiisc_f eature 
<222> (1) ... (1) 

<223> .-nodified with digo.xigenin 

<221> modified base 
. <222> (2) . . . (27 
<223> m5c 

<221> modified base 
<222> (5) ... (57 
<223> m5c 

<221> .mocif ied_base 
<222> (13) . . . (13) 
<223> mSc 

<221> -modif ied_base 
<222> (21) . . . (21) 
<223> m5c 

<400> 13 
cgtcgtttt gtcgttttgt cgtt 

<210> 14 
<211> 24 
<Z12> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide, 

<221> .misc_f eature 
<222> (i; . . . (1) 
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<223> modified with digoxigenin 
<'5 00> 14 
tgctgc-ttc gtgcttttgt gctc 

24 

<210> 15 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide 

<221> misc_feature 
<222> (1) . . . (20) 

<223> phosphorothioate backbone 

<221> misc_feature 
<222> (1) . . . (1) 

<223> modified with digoxigenin 

<400> 15 
tcgtcgttcc cccccccccc 

20 

<210> 16 
<211> 2^ 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide 

<221> misc_feature 
<222> (1) . . . (24) 

<223> phosphorothioate backbone 

<221> rnisc_f eature 
<222> (1) ... (1) 

<223> modified with amino group 

<400> 16 
tcgtcgtttt gtcgttttgt cgtt 

24 

<210> 17 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide 

<221> misc_feature 
<222> (1) . . . (20) 

<223> phosphorothioate backbone 

<221> niisc_f eature 
<222> (1) . . . (1) 

<223> modified with digoxigenin 



<<00> 17 
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ccE-ucccrt tttttttttt 

20 

<210> 13 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide 

<221> misc_feature 
<222> (i; . . . (20) 

<223> phosphorothioate backbone 

<221> misc_feature 
<222> (1) . . . (i) 

<223> modifiec! with digoxigenin 

<'3C0> 18 
cccccccccc cccccccccc 

20 

<210> 19 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide 

<221> misc_feature 

<222> (24) . . . (24) 

<223> modified with digoxigenin 

<400> 19 
tcgtcgtttt gtcgttctgt cgtt 

24 

<210> 20 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide 

<400> 20 
tttttttttt ttttttcrtt 

2 0 

<210> 21 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide 

<';oo> 21 

cccccccccc cccccccccc 

20 

<210> 22 
<211> 24 
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<212> DMA. 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide 
<400> 22 
ctggtctttc tggttttttt ctgg 
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